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Introduction 

 

The economy and society need energy to grow, whether in form of mechanical, 

electrical, thermal or chemical. The energy market and economic activity depend 

on each other: the former’s evolution is driven by social and economic needs, the 

latter cannot grow without an adequate energetic supply. 

 

The historical evolution of society has always negatively impacted environment 

and nowadays  the  Earth is no longer able to face the high energetic requirement 

of modern society. Renewable energies are therefore the only way to conciliate 

economic and social growth to favourable and stable environmental conditions, 

but are they profitable? 

 

The energy system on which society has relied for the last century is well 

developed and ensures competitive prices and profitable growth. On the other 

hand, renewable energies in general are not yet able to compete with traditional 

technologies since they are  in early stage of development and therefore they are 

still not able to take full advantage of economies of scale and economies of 

learning.  

Nevertheless some technologies, wind energy in particular, are increasing their 

market share: the International Energy Agency estimated that since 2000 

cumulative installed capacity in the wind sector has performed an average growth 

rate of around 30%.  

 

The aim of this thesis is therefore to assess the profitability of a typical wind 

project in Italy and to highlight its critical factors through a sensitivity analysis. 

 

The first three chapters provide the basic tools to understand and evaluate the 

dynamics of wind energy; the  fourth chapter analyses in details the key factors of 

the wind energy growth and describes the distinctiveness of the business plan of a 

wind farm, the last chapter demonstrates the profitability of an investment in a 

typical wind project and highlights the critical variables of wind energy. 
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The first chapter describes the energy industry through a demanded-oriented 

analysis. The expected trends are based on the basic assumptions of the World 

Energy Outlook 2012: the outlook period 2010 – 2040 is described through three 

different scenarios. 

The “Current Policies Scenario” (CPS) is built on the assumption that the 

outlook period will be characterized by the same government policies that have 

been enacted or adopted by mid-2012. 

The “New Policies Scenario” (NPS) is the central scenario and it assumes a 

greater government commitment with reference to the CPS.  

The “450 Scenario” assumes the strongest commitment of governments through 

energetic policies aimed at a long-term limitation of greenhouse gases in the 

atmosphere to around 450 parts per million of carbon-dioxide equivalent (ppm 

CO2-eq). 

 

The chapter firstly describes the drivers of energy demand, then it analyses the 

energy demand by source, region and the expected trends of the reference period.  

 

The second chapter of the thesis describes the profile of one of the most active 

and diversified players in the renewable energy sector: Enel Green Power. In this 

chapter it is highlighted the profitability of the renewable energy industry through 

the performances of Enel Green Power and its main competitors.  

 

The third chapter  focuses on the most accepted investment valuation 

methodologies that will be used to evaluate the profitability of a typical wind 

project. There will be described the main methodologies that CFOs use in their 

decision making process and the relative advantages and disadvantages. The 

chapter will focus on the Net Present Value, the Internal Rate of Return, the 

Payback Period and on the Sensitivity Analysis: the latter, in particular will 

determine the critical variables of the project’s profitability.  
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The fourth chapter describes the fundamental aspects for the valuation of a wind 

farm. 

The first two paragraphs, in particular, highlight the main features of the wind 

energy market and how they affect the profitability of a wind project.  

The third paragraph deals with the planning phase of a wind project: it describes 

the steps of a typical business plan . The chapter ends with the description of the 

typical key performance indicators of a wind investment in order to assess its 

profitability and correct operation.  

 

The last chapter of the thesis is the valuation of a typical wind investment. 

It firstly describes the qualitative features of the project: its duration, location and 

its technical specifics. The second paragraph describes the timetable of the 

project: when the farm is expected to enter into operation and when it will be 

dismissed. 

The third paragraph defines the financial dimension of the business plan of a 

typical wind project. The fourth paragraph computes the profitability of the 

investment: it will be assessed through the methodologies analysed in chapter 3 

and through the typical performance indicators described in the last paragraph of 

chapter 4. 

The thesis ends with the sensitivity analysis of the project’s profitability to the 

critical factors of the wind energy. The main variables that increase the risk 

profile of a wind project are its productivity, its investment required and the 

incentives framework, therefore the thesis will run a sensitivity analysis on the 

basis of the Capex, the Equivalent Operating Hours (EOHs) and on the 

acknowledged tariff and will measure the impact that each of them have on a wind 

farm’s profitability. 
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Chapter 1:  

The energy demand. 
 

 1.1 Drivers of energy demand. 
 

Energy permeates  the Universe and has a great impact on the Earth as well: in the 

biological sphere energy is the source of all the physiological activities of the 

living creatures whereas, in the technological sphere, it allows the transformation 

of raw materials into finished goods and the existence of all the services required 

by humankind and society as well.  

 

What matters to users of energy, whether they be businesses or individuals, are 

the services that they receive from energy: today all of the energy-related services 

(cooling, heating and mobility) require large amounts of energy, much of it 

derived from fossil fuels. 

Modern society is therefore extremely dependent on every form of energy 

(electrical, mechanical, thermal, chemical, etc.) and, unless governments intervene 

to stop it, the relationship between prosperity and Mw requirement is going to 

remain strong for the next quarter of a century.
1
  

 

The graph below reports the historical increase per year in energy demand by 

source measured in Billion Barrels of Oil Equivalent (BOE)
 2

.  

                                                 
1
 International Energy Agency ; “Does rising prosperity inevitably push up energy needs?”; World 

Energy Outlook 2010. 
2
  A BOE is the energy released by burning one barrel of crude oil. It is equivalent to 5.8 x 10^6 

British Thermal Unit(BTU).  

Source: Edward W. Finucane ; Definitions, Conversion and Calculations for Occupational Safety 

and Health Professionals; Third edition; 2006 
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Before analysing each source of energy, it is important to break down the different 

drivers of the energy demand.  

The demand of energy is mainly pulled by: GDP, population growth and energy 

price. 
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1.1.1 GDP 

 

The crucial role that GDP growth plays for the energy market is demonstrated by 

the scatter plot graph below: the strong correlation between energy demand, 

measured in tonnes of oil equivalent, and GDP per capita, a good measure of 

prosperity, highlighted in the following scatter plot graph demonstrates the crucial 

role that GDP assumptions play for the energy market
3
  . 

.  

The regression run by the International Energy Agency across 99 countries, in 

fact, describes an almost-linear relation between GDP per capita (expressed in 

dollar under the Purchase Power Parity condition).  

 

The medium-term GDP growth assumption based on the International Monetary 

Fund projections
4
 reports that the non-OECD countries (Russia, China, India and 

Brazil) will continue to grow much more rapidly than the OECD countries (USA, 

Japan, European Union) through to 2035.  

China continues to set the pace during the first half of the projection period, 

although its growth rate is likely to tail off as the country gets richer and its 

working-age population starts to shrink.  

                                                 
3
 International Energy Agency; Energy and Income per Capita; 2007 

4
 International Monetary Fund; World Outlook Database; October 2012. 
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By the mid-2020, India overtakes China to become the fastest-growing world 

region, thanks to its rapidly growing population, rising labour participation rates 

and its earlier stage of economic development. 
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1.1.2 Population Growth 

 

Population growth is another important driver of energy use, directly through 

its impact on the size and composition of energy demand and indirectly 

through its effect on economic growth and activity.  

Population is continuously growing since the Great Famine and the Black 

Death of 1350 when it was around 370 million
5
, now it is expected to be 

around 7.079 billion
6
 and in 2050 it is expected to reach between 7.5 and 10.5 

billion
7
.  

The projections by United Nations below extracted from the WEO 2012, 

estimate that the growth is expected to occur mostly in non-OECD countries, 

especially in Asia and Africa. In particular, Africa has the fastest rate of 

growth, while in Asia, India will overtake China after 2035 to become the 

world’s most heavily populated country. OECD countries grow less, but US 

has a higher rate of growth respect to the others. In Italy population is 

restarting to increase thanks to immigration, but it has the oldest average age 

with Japan.
8
  

 

                                                 
5
 Jean-Noel Biraben; Essay sur l’évolution du nombre des homes; 1979. 

6
 United States Census Bureau; World POP-Clock projections; 2013. 

7
 World Population Prospects: the 2008 Revision; Population Division of the Department of 

Economics and Social Affairs of the United Nations Secretariat;2009 
8
Carlo Scognamiglio Pasini; Il Paziente Italiano :Perché i Tassi Divergono?; 2010 



14 

 

 

 

 

 

 

 

 

 

 

 

 

  



15 

 

1.1.3 Energy Price 

 

Energy price is the other driver for energy demand: energy price paid by 

consumers pulls the demand of each fuel that producers will provide to the grid. 

End-user prices take account of any taxes, excise duties and carbon-dioxide 

emissions pricing and are based on the costs of generation, transmission and 

distribution. In addition, electricity prices in each region are increased or reduced 

to reflect taxes and subsidies for end-users and, in some cases, the inclusion in 

prices of a contribution towards renewables subsidies.  

In order to assess the impact on future energy demand, the final energy price 

needs to be broken down into its main component: the oil, the natural gas, the coal 

and the Co2 prices. The price of these sources varies by the policy scenario of 

reference described in the introduction: the current policy scenario, the new policy 

scenario and the 450 scenario
9
.  

Average IEA crude oil price by scenario  

 

Oil is the leading fuel in the world energy demand and its average price of the 

last 12 months is 111,65 dollars per barrel
10

. The expected price will strictly 

depend on the expected world oil demand: in the Current Policies and in the  

New Policies Scenarios, despite its decreasing share, oil use is expected to 

                                                 
9
 International Energy Agency; World Energy Outlook; 2012 

10
 The average price is calculated considering the reference price of the last 12 months of the Brent 

Crude. Source: http://econ.worldbank.org/. 

http://econ.worldbank.org/
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increase in absolute terms to 2035, driven mainly by the transport sector and 

the population and economic growth of the emerging countries.  

In 2035 oil is expected to trade at 125$ per barrel and at 145$ per barrel 

respectively in the New Policies and in the Current Policies Scenarios while, 

in the 450 Policy Scenario, the measures taken in order to promote a more 

efficient oil use and a switching to other fuels will put the oil price down to 

about 100$ per barrel.  

Oil price is also related to gas price because of indexation contracts and 

competition between oil and gas in power generation. Most of the gas traded 

across international borders, whether the gas is physically shipped by 

pipelines or as LNG, is sold under long-term contracts ( usually covering a 

period of 10-25 years) indexed to the price of competing fuels. Natural gas 

prices move in line with local supply and demand  since they are established 

through hub-based pricing: it means that they can diverge markedly across 

different regional markets. This discrimination of natural gas price is, in fact, 

mainly driven by the cost of transport between regions, limited arbitrage 

options, differences in pricing mechanisms and local market conditions
11

. 

The outlook for coal prices depends heavily on demand-side factors, the most 

important being competition between natural gas and coal in the power sector. 

Coal prices are expected to rise less rapidly than oil and gas prices, as a result 

of strong competition from gas in power generation and abundant coal 

resources: in the New Policies Scenario, the average steam coal import price is 

assumed to remain around $110 per tonne to 2015 and then rise slowly to 

about $115 per tonne in 2035. Coal prices increase less in percentage terms 

than oil or gas prices, also because production costs are expected to rise less 

rapidly and because coal demand levels off by around 2035. In the Current 

Policies Scenario, coal prices increase more quickly because of its relative 

cheapness per energy produced. Non-OECD countries, in fact, reported the 

biggest growth rate in coal use: China is the major coal consumer (in 2010, 

nearly 80% of its power output was coal-fired) and India, over the past 

                                                 
11

 Institut Francais des Relations Internationales; Romain Davoust; Gas Price Formation, Structure 

& Dynamics; 2008 
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decade, have doubled coal demand making the country the second-largest 

contributor to global coal use growth
12

. 

 

In order to reduce Co2 emissions, the Kyoto Protocol introduced an 

international emission trading system that has evolved into separate market 

fragments with different price ranges. The 2005  EU Emission Trading System 

(ETS) is currently the world’s largest, covering all 27 member states, plus 

Norway, Iceland and Liechtenstein: it is mandatory and it rewards projects to 

reduce emissions with project credits with the aim to cap the carbon dioxide 

emissions of factories, power plants refineries and offshore installations by 

rewarding projects to reduce emissions with project credits.  

The credits in this scheme represent the highest price for carbon and can be 

sold to entities in developed countries. These credits, CERs, are priced 

according to factors including risk, contractual issues and fundamentals of 

demand and supply
13

.  

Other countries have introduced carbon taxes: a Pigovian Tax levied on the 

carbon content of fuels
14

. Programmes that put a price on Co2 emissions are 

also currently operating in New Zealand and Australia (they will be linked to 

EU ETS between 2015-2018), California’s emissions trading scheme will take 

effect in this year while Korea’s one in 2015 and China included plans to put a 

price on carbon in its twelfth Five-Year Plan.  

In the New Policies Scenario, Co2 prices (either through cap-and-trade 

programmes or carbon taxes) in parts of the OECD rise to $45 per tonne in 

2035: this price will significantly affect demand for energy by altering the 

relative costs of using different fuels. 

Hence, in order to deeply understand how the current energy demand works 

and how it is expected to change in the future, it is necessary to analyse the 

                                                 
12

 International Energy Agency; International Energy Annual Report– Total Coal Consumption; 

2011 
13

 Point Carbon Advisory Services; Issues in the international carbon market, 2008- 2012 and 

beyond; 2007. 
14

 Peter Hoeller and Markku Wallin; Energy Prices, Taxes and Carbon Dioxide Emissions; 1991. 



18 

 

drivers described above referring to each sector of the energy market, each 

region and each source of energy. 
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1.2 World energy demand by sector 
 

Analysing painstakingly the different end users of the energy market is 

important to the development of projections for global energy use and for the 

providers as well.  

In fact “through market segmentation companies divide large, heterogeneous 

markets into smaller segments that can be reached more efficiently and 

effectively with products and services that match their unique needs”
15

and the 

breakdown of the whole energy market into its main segments helps to 

monitor the progress made by policies that attempt to influence energy 

consumption and energy efficiency.  

The United States Department of Energy divides the market in two macro-

areas: the first macro-area is the market demand for electricity generation (i.e. 

the demand of sources of energy such as oil, gas and coal to produce 

electricity); the second one is the Total final consumption (TFC) area.  

The latter is, in turn, divided according to the final user: industry, building 

(including residential and commercials & services), transport and other 

(agriculture and non-energy use).
16

  

 

 

 

 

 

 

  

                                                 
15

 Philip Kotler, Gary Armstrong;  Principles of Marketing;  14
th

 edition; 2011. 
16

 United States Department of Energy; International Energy Outlook; 2007. 



20 

 

1.2.1 Electricity generation. 

 

Electricity generation is the amount of electricity produced by power only or 

combined heat and power plants including generation required for own use
17

: 

as the number of homes and business grows, so does the need for power.  

 

The ExxonMobile report for the period 2010 – 2040 expects global electricity 

demand will grow by 85%, the fuel for electricity generation will account for 

about 55% of demand-related energy growth and the natural gas will be the 

main source of electricity generation
18

. Today OECD and non-OECD 

countries demand approximately the same amount of electricity but, as China 

and India increase urbanization and developing countries grow and expand 

their economies, the non-OECDs will be the first energy market. The OECD 

countries, on the other hand, will have an increase in energy demand of about 

25%, almost half of it driven by the U.S. The 16,000 terawatt hours more 

demanded by 2040 will mainly be  driven by the industrial sector, followed by 

building.  

 

 

 

 

 

 

 

 

 

 

 

 

  

                                                 
17

 International Energy Agency; World Energy Outlook; 2011 
18

 ExxonMobile; The Outlook For Energy,  a view to 2040; 2013 
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1.2.2 Total Final Consumption 

 

The composition of the current Total Final Consumption is shown in the graph 

below.
19

 

Share of Energy Consumed by Sectors 2010

 

 

The Industrial sector leads the world energy demand: almost one third of 

world electricity production is consumed by industries.  

The Transportation sector accounts for 28 % of global energy demand and is 

the main driver of oil demand.  

The Residential and the Commercial sectors together account for more than 

40% of world energetic demand but their share is expected to decrease thanks 

to efficiency improvements in building materials and appliances.   

The industry sector includes the energy demanded by all the secondary sector 

to allow the production of the goods the society needs. Key industry sectors 

include iron and steel, chemical and petrochemical, non-metallic minerals, and 

pulp and paper: producing all of these materials takes an enormous amount of 

energy and, even if plants are becoming more and more efficient, the 

                                                 
19

 U.S.Energy Information Administration; Annual Energy Review; 2010 
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population growth will necessarily lead to an increasing energy demand for 

industries.  

Among end-use sectors, industry remains the largest consumer of electricity in 

the New Policies Scenario and between 2010 and 2040 it is expected to grow 

by 50%. The industrial sector consumption alone accounts for almost 90% of 

the combined transport and building energy demand and more than 2/3 of the 

increase in industrial energy demand will come from two subsectors: heavy 

industry and chemicals. Heavy industry includes the steel, iron and cement 

manufacturing and, in the reference period 2010 – 2040, will grow around 

35%; the chemicals subsectors is the fastest-growing one: in the same period 

the increasing demand for plastics will boost energy demand up to 50%. 

The residential and commercial sectors are grouped together into the building 

sector because they consume energy in the same ways: for heating or cooling 

spaces, lightning, appliances and for all the electronic devices. It is estimated 

that 54% of the electricity used in an average American home is for heating 

and cooling rooms
20

.  

The energy demand of the building sector depends on energy intensity and 

efficiency and on economic and population growth: as economies and 

population grow, so will energy needs and as people move from rural areas 

into the cities so their energetic needs will vary.  

By 2040, despite an increase of the energetic efficiency rate of modern devices 

and appliances, the building global energy demand is expected to grow by 

30%: this increase is mainly driven by the expansion of prosperity in 

developing countries.  

Over the outlook period 2010- 2040, the residential component is expected to 

grow by 20% while the commercial one by 50%. The OECDs, in particular, 

see an increase in commercial energy demand of close to 10% thanks to an 

increasing efficiency while in the non-OECDs it is expected to grow by more 

than 130%
21

.  

                                                 
20

 Intermediate Energy Infobook; Energy Consumption in the USA; 2010 
21

 International Energy Agency; World Energy Outlook; 2011 
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The graph below is extracted from the Exxon Mobile report and shows how 

energy use per capita in OECD countries in the residential sector is actually 

declining thanks to policies promoting a more rational use of electricity, the 

adoption of more insulating materials and solar thermal panels in the 

construction.  

 

 

 

According to the International Energy Agency’s definition,  

“The transport sector includes fuels and electricity used in the transport of goods 

or persons within the national territory irrespective of the economic sector within 

which the activity occurs. This includes fuel and electricity delivered to vehicles 

using public roads or for use in rail vehicles; fuel delivered to vessels for 

domestic navigation; fuel delivered to aircraft for domestic aviation; and energy 

consumed un the delivery of fuels through pipelines”
22

.  

 

 

 

                                                 
22

 http://www.iea.org/aboutus/glossary 

http://www.iea.org/aboutus/glossar
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The transport sector is crucial for the development of a modern economy and for 

individuals too: it allows trade between people and has a definite, identifiable 

effect upon a person’s lifestyle
23

. Transportation grows in line with the prosperity 

of a nation and vice versa, it influences an individual’s decisions about where to 

work, live and mitigates cultural differences among geographic regions.  Because 

of expanding economies, globalization and international trade from 2010 to 2040 

the transportation-related energy demand is expected to increase by more than 

40%. 

 

From an energetic point of view, the transportation demand for energy can be 

broken-down into two components: the commercial and the personal ones.  

The first component takes account of all the energy consumptions of heavy duty, 

marine, aviation and rail subsectors and is the main driver of  the whole 

transportation-related energy demand. In the reference period 2010 -2040, heavy 

duty vehicle demand sees the greatest growth, up to 65%, and accounts for 40% of 

the overall transportation sector.  

 

The latter component of the transport sector is given by all personal vehicles  (cars 

and motorcycles) and, despite a huge rate of growth in their number, the relative 

energy demand remains steady.  

As highlighted from the Exxon’s graph below, the switch of the market to smaller, 

lighter and cheaper vehicles (vehicle downsizing), the increasing fuel efficiency of  

modern engines (powertrain improvements)  and the hybridization process, are 

expected to increase the miles per gallon a car will be able to cover by 2040 and to 

offset the increasing number of personal vehicles.  

 

 

 

 

 

                                                 
23

 Coyle, Novack, Gibson, Bardi; Management of Transportation; 7
th

 edition; 2011 
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The WEO 2012 sums up the energy demand and supply forecasts by sectors in the 

New Policies Scenario in the following graph: 
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Because electric power cannot be stored, production always equals 

consumption
24

: the difference between demand and supply in the graph is given 

by the incremental energy required by the system for the production (own use) 

and for the transmission and distribution (Transmission and distribution losses)  of 

electricity
9
. 

 

In the New Policies Scenario, all sectors see higher demand for electricity, with 

non-OECDs accounting for more than 80% of the increase between 2010 – 2035. 

World energy demand will be mainly driven by the industrial component, 

accounting for more than one-third of total electricity demand, then by the 

residential and the services sectors.  

 

In the reference period, the residential component of the electricity demand is 

expected to grow by more than 80% at an annual growth rate of 2.5%. Transport 

is the fastest-growing sector with an average growth rate of 3.6%  per year while 

the services one is expected to grow at a 2% rate. 

 

 

 

 

 

 

  

                                                 
24

 Steven Stoft; Power System Economics, Designing Markets for Electricity; IEEE Press & Wiley 

Interscience; 2002 
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1.3 World energy demand by region: historical and expected 

trends. 
 

 

 

Energy consumption varies widely between different countries in relation to their 

population, their GDP and their climate: as said before, most of the energy 

demand of a Nation is positively correlated to its prosperity and to its population 

growth and milder-weather regions will require less energy for heating. In practice 

GDP, population growth, oil prices and climate are not able to explain in an 

exhaustive way the differences in energy requirements among different regions.  

White and Sulkowski
25

, in order to explain in a deeper way such differences, 

divided the world energy system into clusters in function of a set of variables all 

related to a country’s comparative resource usage efficiency: 

 

1) Energy consumption per capita (expressed in barrel of oil equivalent); 

2) CO2 emissions per capita (expressed in metric tons);  

3) Per capita paper / paper products consumption (expressed in kilograms per 

person);  

 

Their research was based on the time series analysis of 121 countries and lead to 

the division of the world energy system into six clusters  presented here: 

 

1) Developing Countries (Angola, Bangladesh, Benin, Cameroon, Congo, 

Democratic Republic of the Congo, Cote d’Ivoire, Eritrea, Ethiopia, 

Ghana, Haiti, Kenya, Morocco, Mozambique, Nepal, Nigeria, Pakistan, 

Paraguay, Peru, Senegal, Sudan, Tanzania, Togo, Vietnam, Yemen, 

Zambia, Zimbabwe):  

 

                                                 
25

 Steven White and Adam Sulkowski; Relative Ecological Footprints Based on Resource Usage 

Efficiency Per Capita: Macro-level Segmentation of 121 Countries”; International Journal of 

Sustainable Economy; 2010 
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Most of the countries of this cluster come from Africa and more than half 

of them (14 out of 27) are classified by the United Nations as Least 

Developed Countries and their values of per capita energy consumption, 

CO2 emissions and paper products consumption, as compared to Cluster 6, 

are more than 95% less.  

 

 

2) Rapidly growing energy consuming countries (Argentina, Azerbaijan, 

Brazil, Chile, Costa Rica, Iran, Jamaica, Mexico, Romania, Thailand, 

Uzbekistan and Venezuela):   

 

The members of this cluster have an average per capita energy 

consumption and CO2 emissions of about 80% less than the Cluster 6’s 

one and half of them are oil producers (Argentina, Brazil, Chile, Iran, 

Mexico and Venezuela). The majority of them is from the Americas and 

Caribbean. 

 

3) Advanced developing countries (Albania, Algeria, Armenia, Bolivia, 

Botswana, China, Columbia, Dominican Republic, Ecuador Egypt, El 

Salvador, Georgia, Guatemala, Honduras, India, Indonesia, Jordan, 

Kyrgyzstan, Macedonia, Moldova, Namibia, Nicaragua, Panama, 

Philippines, Sri Lanka, Syria, Tajikistan, Tunisia, Turkey and Uruguay):  

 

The members of this cluster consume on average 93% less energy, expel 

99% less CO2 and use 79% less paper per capita than do the members of 

Cluster 6. Most of them are emerging markets and / or contain moderate 

levels of income per capita. 

 

4) Middle energy paper consuming countries (Austria, Belarus, Bulgaria, 

Croatia, Cyprus, Denmark, Gabon, Germany, Greece, Hungary, Ireland, 

Israel, Italy, Japan, Korea, Latvia, Lebanon, Lithuania, Malaysia, Malta, 
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Netherlands, New Zealand, Poland, Portugal, Slovakia, Slovenia, South 

Africa, Spain, Ukraine and the United Kingdom):  

 

This cluster is characterized by an average of 46% more consumption of 

paper per capita than that of Cluster 6. The members of this cluster 

consume an average of 72% less energy per capita and expel an average of 

almost 59% less CO2 per capita and 19 out of the 30 members belong to 

the European Union. 

  

5) High energy tree destroying countries (Australia, Belgium, Canada, Czech 

Republic, Estonia, Finland, France, Kazakhstan, Kuwait, Luxembourg, 

Norway, Oman, Russia, Saudi Arabia, Singapore, Sweden, Switzerland, 

Trinidad and Tobago and the United States of America):  

 

This cluster is characterized by the highest per capita consumption of 

paper products. The member countries consume almost half energy per 

capita and expel one third less CO2 than do the countries of the sixth 

cluster. In this cluster are grouped the countries with the reputation as 

having some of the most green-oriented consumers and policies on the 

planet. 

 

6) Extreme energy usage and CO2 producing countries (Bahrain, Iceland and 

the United Arab Emirates):  

 

This cluster is the smallest and is characterized by the highest energy 

consumption and CO2 emission per capita despite an average lower 

standard of living than those found in Clusters 4 and 5.  

 

Analysing the different clusters it is clear that  macroeconomic and efficiency 

variables are the guidelines of our energy demand model but alone do not 

completely explain the differences among the regions: Germany and USA, for 

example, are both well developed countries with similar macroeconomic and 
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climate characteristics but the American energy consumption rate per person is 

almost double than the German one and Belgium has an even higher per capita 

energy consumption than United States.  

Thence it is clear that energy consumption, just like all the consumption goods, 

has a psychological component too: most environmental pressures in the 

developed world, in fact, are due to the so called “modern” or “Western (Western 

Europe and especially US) way of life”
26

.  

In marketing “the lifestyle perspective recognizes that people sort themselves into 

groups on the basis of the things they like to do, how they like to spend their 

leisure time and how they choose to spend their disposable income
27

” :  Reusswig, 

Lotze-Campen and Gerlinge, in their study research of 2005, found that the 

correlation between various income and consumption levels in a wide range of 

countries is not very strong and leaves room for additional explanatory factors 

concerning people’s lifestyle
28

. They arrived to this conclusion after have 

clustered the 122 countries data of 1990-1998 by 4 variables: 

 

1) Income level (measured in GDP per capita in P.P.P.$); 

 

2) CO2 emissions per capita; 

 

3) Carbon Intensity (CO2 per unit Primary energy used) 

 

4)  Energy Intensity (Primary energy per unit GDP). 
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Their time series analysis leads to the same number of clusters of the White and 

Sulkowski’s study: they divided the world energy system as follows. 

 

 

The red cluster, named “rich maximum emitters”, has high economic 

performances, very high per capita emissions of carbon dioxide and high carbon 

intensity, while the blue one ( named “rich medium emitters”) has significantly 

lower per capita emissions and a lower increase of emissions. The three 

developing world clusters have very different characteristics: the black cluster, for 

example, ( named “poor involuntary climate protectors”) displays reduced CO2 

emissions despite remarkable population and very low economic growth; the 

green and especially the yellow ones are characterized by rapid economic growth 

and increasing energy consumptions . 

   

Unlike the rich maximum emitters cluster, the rich medium emitters one 

countered population and economic growth by a combination of efficiency gains 

and de-carbonization policies: these efforts can be traced back first to nuclear 

energy, but to some degree to the use of renewable energy sources ( especially 

Denmark and Germany in the wind sector). The United States have recently 

started a de-carbonization policy but they are still characterized by their American 
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energetic lifestyle: as one birth in Connecticut starts a path of consumption equal 

to 20 births in Mozambique
29

.  

 

The map below reports the 2011 world energy consumption per capita per region 

(the values are expressed in million tonnes oil equivalent)
30

. 

 

World Energy Consumption per Capita 2011  

 

 

 

The world energy consumption per capita figure reveals that differences among 

different regions have remained relatively stable in the last decade: USA, Belgium 

and Saudi Arabia still have an intensive energy consumption above the average 

linked to their lifestyle. This indicates that most individuals in most countries use 

about the same amount of energy they did 20 years ago and that the increase in 

world’s total consumption is mainly due to population growth. Despite  the 

unchanged way individuals consume energy in each region, in almost 30 years the 

distribution of total energy demand has completely changed: China now accounts 
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for 17.5% of the world energy demand while in 1973 its share was 7.9%; Asiatic 

share has doubled and the OECD one has fallen from 60.3% to 42.5%. 
31

  

 

In the Outlook period, the world electricity demand is expected to increase by 

nearly 85% and more than 4/5 of this growth arises in non-OECD countries as a 

result of greater use of household appliances and of electrical equipment in the 

industry and services sectors. By the end of the Outlook period, China is expected 

to reach the share of  30% over the global energy demand and together with India 

will account for nearly 2/3 of the world demand growth. Despite this growth, 

electricity demand per capita in the non-OECDs is expected to be only 31% that 

of the OECDs: the incremental energetic requirement on the numerator is, in fact, 

counterbalanced by a much higher value of population in the denominator. In the 

OECDs, lower rates of population and economic expansion and especially energy 

efficiency improvements  are expected to stem the growth in energy demand
9
. 

. 
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1.4 World energy demand by source. 
 

1.4.1 The historical evolution of electricity generation. 

 

World energy industry has always relied on fossil fuels hence the increments in 

electricity demanded by increasing population have directly led to an increase in 

Co2 emissions. The graph below highlights the correlation between energy 

consumption and Co2 emissions per capita that have characterized almost the last 

fifty years (BP; Statistical Review of World Energy; 2012): in the first decade of 

the reference period energy consumption and Co2 emissions are perfectly 

correlated but, since the 1973 oil crisis, the two lines are increasingly diverging 

showing a decreasing correlation between the two variables. 

 

 

 

 

 

The 1973 energy crisis completely changed the mentality of oil importer 

populations and governments and led to a more rational oil and electricity 

consume on one hand, and to the research of different sources of energy to 

decrease the dependence on the black gold on the other. The crisis showed the 
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precariousness of the energy system whose fate was in the hands of  the most 

uncertain regions of the world so Western Governments responded accordingly 

with the research of new oil fields (especially Norway in the North Sea) or with 

the investment in new sources (natural gas and atomic energy but solar and wind 

energy as well). Denmark, in particular, decreased  both its dependence on oil and 

Co2 emissions thanks to a strong policy of incentives to the nascent wind energy 

industry
32

: now 28% of  Danish energy consumption is provided by wind turbines 

and this share is expected to increase to 50% by 2020
33

. 

World oil consumption growth rate has decreased since those years and, as 

highlighted by the graph below, the policy support for the renewable sector has 

increased over the past decade
34

. 

 

 

 

Electricity production from atomic energy is experiencing a slower rate of growth 

since the 1986 Chernobyl disaster: in Europe, between 1978 and 1987 Austria, 
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Sweden and Italy voted through referendum to phase out the existing plants. After 

the 2010 Fukushima disaster, Germany, Switzerland and Taiwan announced their 

withdrawal from nuclear power and  in 2011seven reactors began operating over 

19 shuttered
35

. The International Energy Agency amended its report and halved its 

estimate of additional nuclear generating capacity to be built by 2035
36

. Nuclear 

power now accounts for 12% of  the world electricity production
37

: the United 

States have the highest Mw capacity in absolute term but it provides less than one 

fifth of the national energy requirement while in France (the second largest 

nuclear energy producer) 75% the national electricity is given by nuclear plants
38

. 
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1.4.2 The current mix of electricity sources. 

 

Despite the strong decarbonisation policies of the last twenty years, electricity is 

still mainly generated through fossil fuels: in 2011, over a total electricity 

consumption of  around 20,200 TWh, more than 65% of it was generated from 

coal, natural gas and oil
39

. In particular, coal accounts for about 40% and gas for 

20% of the world energy production with the latter with an increasing rate of 

growth.  

 

Source: The Shift Project Data Portal; Electricity Generation Statistics; 2013 

 

 

Hydroelectric plants provide around 3,200TWh (16% over the world TWh 

capacity) almost half of it is produced by China, Brazil and Canada alone, 

moreover hydropower is the main source of energy for Norway, Brazil, Venezuela 

and Canada so that it reaches a peak of 94% and 78% of the domestic electricity 

generation in Norway and Brazil. 

 

Since 2000, cumulative installed capacity in the wind sector has performed an 

average growth rate of around 30% per year and, in 2011, the wind energy 
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accounted for 2% of the total electricity generation (436 TWh)
40

. In the fourth 

chapter the wind industry will be analysed in more detail.  

 

Other renewables includes bioenergy, geothermal and solar photovoltaic and 

concentrating solar power: with a total capacity of  425 TWh  it provides around 

2% of world electricity consumption and, since 1990, it has more than doubled. 

 

Bioenergy includes all energy produced from solid, liquid and gaseous products 

derived from biomass feedstock and biogas, municipal and industrial solid waste 

and it plays a crucial role in many developing countries, where it provides basic 

energy. It is mainly consumed by the building sector and electricity generation 

from biomasses has been rising steadily since the end of the 90s: China and 

Brazil, in particular, are becoming important suppliers thanks to their support 

programmes for electricity generation from agricultural residues
41

. 

 

Geothermal energy is the thermal energy generated and produced by the Earth, “it 

is stored in rock and in trapped vapour or liquids, such as water or brines and 

can be used for generating electricity and for providing heat (and cooling)”
42

. So 

far this technology has been used to exploit  naturally heated steam or hot water 

from hydrothermal sites but through enhanced geothermal systems (EGS) 

geothermal can significantly   contribute to the world energy needs:  between 

2005 and 2010, world geothermal capacity has increased by 20% and in 2010 

10,715 MW were online
43

 and by 2050 it could account for 3.5% of global 

electricity production
40

. 

 

Solar energy includes solar photovoltaic (PV), concentrating solar power (CSP) 

and solar heating and cooling (SHC) : photovoltaic and CSP are electricity 

generation technologies, SHC exploit solar thermal energy to heat or cool 

domestic water and spaces. PV energy is based on the direct conversion of solar 
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radiation to electricity through semiconductors and, even if it is still 

underemployed, it has a very promising future: in the last decade, electricity 

generated by solar cells has grown at an average rate of 40%
44

 and, both for the 

development of lower-cost technologies and for the perpetuation of incentives 

policies, it will increase its competitiveness.  

CSP generates indirectly electricity thanks to a system of mirrors that concentrates 

solar radiation onto receivers that convert it to heat. In 2010, Spain and USA lead 

the market: driven by strong government support schemes, they alone account for 

the 90% of the 1,229 MW world installed capacity
45

. 
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1.4.3 The expected evolution of electricity generation. 

 

The evolution of fuel mixes in the production of electricity depends on the 

scenario of reference and is mainly driven by emerging countries: the Current 

Policies Scenario is characterized by the highest energy demand and by the 

strongest dependence on fossil fuel sources; in the 450 Scenario, on the other 

hand, the lower rate of growth in world primary energy demand and stronger 

decarbonisation policies, will lead to the highest share of non-fossil fuel sources.  

In the New Policies Scenario, world primary energy demand is expected to be 

around 15,300 Mtoe by 2020 and 18,600 Mtoe by 2035, respectively 3 and 11% 

less than the relative values of the Current Policies Scenario
9
. Fossil fuels will 

continue to provide most of the total energy demand although their growth rates 

vary distinctly. In the New Policies Scenario Coal is expected to slightly increase 

its share by 2020, before to drop to less than 25% by 2035; Oil is expected to 

account for almost 30% by 2020 and 27% by 2035. Gas performs the highest 

growth among fossil-fuel sources: its demand will be 19% higher in 2020 and 

about 50% higher in 2035 than the relative 2010 Mtoe amount.  

Through 2035 hydropower is expected to constantly contribute to the total energy 

demand with a share of about 2,5% in all the Scenarios. In 2035 nuclear will 

maintain the current share of 12% of world’s electricity: projections are very 

uncertain because of the accident in Fukushima in 2011but more than the 90% of 

the global capacity increase is expected to come from non-OECDs. 

Primary energy demand for renewables is expected to boom in all the Scenarios: 

government support, rising fossil fuels, falling costs of technologies and CO2 

pricing are expected to triple by 2035. 
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The figure below summarizes the projection of electricity generation by source 

and region in the New Policies Scenario. 

 

 

  

Source: International Energy Agency; World Energy Outlook; 2012 

 

  

Share of electricity generation by source and region in the New Policies Scenario  
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Chapter 2:  

Players of the renewable energy sector: Enel Green Power 

and its competitors. 
 

2.1 EGP’s historical background and company’s profile. 
 

Enel Green Power is the Enel Group company dedicated to renewable energy 

established on December first 2008 by the Enel S.p.a. to develop and manage 

energy generation from renewable sources at a global level.  

Enel is a multinational group based in Italy: it is the largest electricity company in 

Italy and the second-largest listed utility in Europe in terms of installed capacity, 

the first in terms of EBITDA and number of customers
46

.  

The “Ente Nazionale per l’energia ELettrica”
47

 was established on December 

sixth 1962 during the fourth Farfani’s government following the proposal of the 

then-MP Aldo Moro. Its main activities were the production, import and export, 

transportation, processing, distribution and sale of electricity.  

In its early steps, Enel’s mission was to grant the right to electricity connection to 

all Italian families: the 1961census revealed in fact that more than 700,000 

households (more than 5% of the total) were lacking in electricity supply
48

. 

In 1971the degree of National electrification reached 98,8% and, according to a 

survey by Mediobanca, Enel had the second highest turnover, after Fiat, among 

Italian industries.  

In the 80s Italy was still the Nation most dependent upon hydrocarbons (54% of 

its energetic demand was supplied by thermoelectric power against a share of 

14%, 13% and 11% in Federal Republic of Germany, England and France) 

therefore Enel in those years started the investment plan in renewable sources: in 
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1980, the  first and largest “tower-and-mirror” solar power plant in the world was 

put into operation in Sicily; in 1984 Enel inaugurated the wind power plant in 

Upper Nurra and the PV plant on the Vulcano island. 

In the following years great attention was paid on renewable sources: in 1993 

Enel realised the largest solar photovoltaic power plant in operation in the world 

in Serre Persano and between 1994 and 1995 the Group placed its trust in the 

wind sector. In those years the 1MW Gamma 60 wind turbine in Upper Nurra was 

put into operation, whilst two wind power plants were opened in Frosolone and 

Collarmele.  

On the 2
nd

 of November 1999 Enel debuted on the Italian Stock Exchange and on 

the New York Stock Exchange with the placing of nearly 4 billion shares, 31,7% 

of  the company for a total proceed of €16,550 million
49

: it was the largest public 

offering in Europe and second in the world by value and by number of 

subscribers.  

In the 2000’s the Enel Group incorporated Corporate Social Responsibility and, in 

March. provided itself with a Code of Ethics expressing the commitment and 

responsibilities of all the employees of the company. The activism in CSR was 

awarded in 2003 when, starting 22 September, Enel was the only public company 

to be admitted to the prestigious list FTSE4Good Europe 50.  

In December 2006 Enel presented an environmental plan aimed at the production 

of a low-cost environmentally friendly energy: the plan allocated over four billion 

Euros over five years for renewable energy and research and application of better 

technologies to reduce emissions.  

Enel’s commitment to renewable sources culminated on 1 December 2008 when 

Enel Green Power is set up: it is a company entirely dedicated to the development 

and management of energy generation from renewable sources at the international 

level.  
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The excellence achieved in the application of CSR principles and the higher 

commitment to environment lead the group to release a new mission statement: 

”Enel’s mission is to create and distribute value in the international energy 

market, to the benefit of our customers’ needs, our shareholders’ investments, the 

competitiveness of the countries in which we operate and the expectations of all 

who work  with us. Enel works to serve the community, respecting the 

environment and the safety of individuals, with a commitment to creating a better 

world for future generations”. 

Enel Green Power (EGP) is the Enel Group company that develops and manages 

energy generation from renewable sources: it now operates in 16 countries across 

Europe and the Americas.  

On 1 December 2008 Enel S.p.a. conferred on EGP the division “impianti di 

produzione di energia elettrica con utilizzo di fonti rinnovabili”
50

and all the 

partecipations in companies operating in the same industry (36,2% of La Geo Sa 

de CV and the 60% of Geotermica Nicaraguese Spa): the division manages all the 

wind, geothermal and photovoltaic plants, furthermore, the hydroelectric plants in 

Italy based on the “flowing” technology for a total capacity of 2,6GW.  

EGP started with an enterprise value of € 1.927 billion and around 1,500 

employees
51

 .  
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2.1.1 Enel Green Power’s IPO 

 

On 4 November 2010 the Company went public through the second-largest IPO in 

Europe: the 30.8% of the company was listed on the Milan and on the Madrid 

stock exchanges. The aim of the IPO was to gain access to larger and more 

diversified pools of capital and to increase the publicity, reputation and attention 

of the company from the market.  

In doing so, Enel, in agreement with the Joint Global Coordinators and Joint 

Bookrunners, set the share price range between a non-binding minimum of 1.60 

euros and a binding maximum of 2.10
52

: Enel had thus sought to leverage the trust 

that the many small shareholders in Italy and Spain had shown the company.  

The IPO was successfully completed and was characterized by a strong retail 

demand: EGP managed to achieve a good balance between retail shareholders and 

institutional investors, thereby stabilizing the value of the shares and enhancing 

the liquidity of the stock.  

On November fourth 1,415,000 shares were sold at a price of 1.60 euros per share, 

the transaction priced at 9.2 EV/EBITDA 2009 and 19.9 P/E 2011, a slight 

discount to the core peers Iberdrola Renovables, EDF EN and EDP Renováveis 

(respectively 11.6 and 27.7; 11.8 and 31.7; 16.8 and 22.2)
53

.  

The discount is mainly driven by the strong presence of EGP in the hydroelectric: 

the much lower competitors’ commitment in a sector characterized by the lowest 

growth potential leads to consider the core peers’ shares as growth shares, thus 

justifying higher multiples. EGP’s stocks are now traded at 1.98€
54

. 
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2.1.2 Enel Green Power’s main activities in 2012. 

 

In April 2012, two new photovoltaic plants have been put into operation in Sicily: 

the Catania 1 and Rosolini Plants will provide around 19 million kilowatt hours 

(the equivalent to the energy consumed by over 7 thousand households). 

In May 2012 the geothermal plant in Tuscany, Rancia 2, has been completely 

refurbished and became operative. The plant has a net installed capacity of 17MW 

and generates about 150 million kWh, thus avoiding 100 thousand metric tons of 

CO2 emissions. 

In September of the same six new photovoltaic systems have been installed on 

rooftops in Abruzzi and Molise. The 4 Molisian systems in Termoli have a 

combined installed capacity of over 2.3 MW, while those in Abruzzi have an 

approximate capacity of 1.5MW. These new systems will generate more than 4.5 

million kWh and will avoid over  2 thousand metric tons of CO2 emissions per 

year. 

In December 2012, 64 MW of wind power entered into service in Italy: a 23 

turbines farm in Cutro (Calabria) and a 9 turbines farm in Potenza-Pietralata  

(Basilicata). The 2 MW turbines plants will generate 139 million kWh per year 

and will avoid the emission of 36 thousand metric tons of CO2 in the atmosphere. 

These new two wind farms have thus brought EGP’s installed wind capacity in 

Italy to 687 MW. 

In the same month  Enel Green Power SpA acquired a 22.17% equity interest in 

P.H. Chucas SA, a Costa Rican company, for €33.87: the company now has a 

total interest of 62.48% in PH Chucas through Enel de Costa Rica SA, which 

holds 40.31%. 

December 21 - Also on that date P.H. Chucas SA’s shareholders approved a 

recapitalization totaling about €130 million, of which Enel Green Power SpA’s 

portion comes to €44 million. 
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2.2 Enel Green Power’s competitive environment. 

2.2.1 Porter’s analysis 

 

EGP’s performances, as the whole utility industry, are strongly affected by the 

macroeconomic environment. The industry in which EGP operates can be 

analysed through the Porter five forces analysis.   

The environment is characterized by a weak suppliers’ power, because of the 

increase of engineering and construction capacity and the threat of potential new 

entrants is expected mainly in China: the potential Chinese competitors should 

mainly focus locally for a few more years, they thus not represent a serious threat 

in the near term.  

There are not major substitute products and there are not major risks from 

customer pricing power: Governments’ policy on environmentally friendly energy 

production would be the driver concerning the regulatory framework.  

The intensity of rivalry within the industry of reference is thus given by the high 

competition on the acquisition of concessions of new plants and of their further 

development
55

. 
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2.2.2 SWOT analysis 

 

Enel Green Power’s main strengths are:  

 

1. the low exposition the Group has to incentive  schemes;  

2. EGP has a well-balanced technology mix that means high capacity 

utilisation and risk mitigation; 

3. the financial profile of the company is characterized by a low debt-to-

EBITDA ratio and; 

4. the company is geographically worldwide diversified. 

In a SWOT analysis framework the main weaknesses of the company are 

represented by: 

1. The potential delays that could affect the authorization process; 

2. The resource variability that characterizes hydro and wind plants; 

3. The exposure to the volatility of macro economical and commodity 

variables (e.g. fossil fuels scenarios); 

4. The grid development that has to comply with the real power generation 

needs. 

The opportunities arising from external environment are: 

1. The distinctive and unique competencies in geothermal power generation 

presumably are expected to increase new opportunities globally; 

2. Globally there is a strong growth in the renewable power needs; 

3. The support of Government policies on capacity growth; 

4. The exploitation of possible synergies from Enel’s presence Latam. 

5. Innovation: potential increase in technological efficiency and decrease in 

development costs. 
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The threats that EGP has to face are: 

1. The volatility of foreign currencies; 

2. The potential changes in the Government  policies on the renewable 

sector, in terms of CO2 reduction programmes; 

3. The Government needs for debt reduction and the resulting cut to 

incentives to renewables.
56
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2.3 Financial performances of EGP 
 

The 2012 consolidated Financial Statement reveals that, within an environment in 

which the worldwide installed renewables capacity  rose by around 110 GW (up 

8% compared with 2011), Enel Green Power continued to expand rapidly: the 

installed capacity increased by more than 900 MW, to a total of 8 GW (up 13% on 

2011). At the end of 2012, 33% of the overall net installed capacity was from 

hydroelectric plants, 54% from wind, 10% from geothermal, 2% from solar plants 

and 1% from other renewable sources (biomasses and cogeneration).  

The Total revenues (including commodity risk management) amounted to €2.7 

billion
57

: 14.6% higher than 2011. 

The gross operating margin  in 2012 came to €1.7 billion, up 6.3% over 2011.   

The Operating income for 2012 was €972 million, up €59 million compared with 

the previous year: the increase is mainly driven by the higher gross operating 

margin. 

The 2012 financial year closed with a net income of €413million, up €5 million 

compared with the previous year (+ 1.2%). 

The net capital employed amounted to €12,586milliosn (€11,813 million at 

December 31, 2011), funded by shareholders' equity of €7,972 million and net 

financial debt of €4,614 million (+€539 million). 

The increase of €539 million in net financial debt essentially reflects new bank 

loans and the use of short-term credit lines granted by the parent company, Enel 

SpA.  

The 2012 Financial Statement reports capital expenditure equal to €1,257 million, 

down €300 million compared with the previous year and cash flows from 

operating activities equal to  €1,059 million (down €199). 
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The table below  summarizes the preliminary consolidated results for 2013 and 

the percentage change from 2012
58

. 

 2013  Change 

Total Revenues 

(billion euros) 
2.8 

 
+12.0% 

Ebitda (billion 

euros) 
1.8 

 
+12.5% 

Net Financial Debt 

(billion euros) 
5.8 

 
+17.4% 

Net Installed 

Capacity (GW) 
8.9 

 
+11.3% 

Net Electricity 

Generation (TWh) 
29.5 

 
+17.5% 
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2.3 EGP’s portfolio of activities. 
 

2.3.1 Italy  

Enel Green Power is now a major global operator in its industry with an annual 

production of 29.5 TW/h from water, the Sun, wind, Earth’s heat and biomasses. 

The Group operates in 16 countries and all the 700 operational plants are 

expression of the strong commitment of the Enel Group to environment, 

employees and to local communities.  

In 2013, more than half of the 700 plants were located in Italy with an overall 

installed capacity of 3,068 MW; Italy alone now accounts for more than half of 

the overall capacity installed in Europe and for 35% on global scale. In 2013, 95% 

of the European hydroelectric power came from the Italian plants and the solar 

energy produced in Italy accounts for 50% of the EGP’s solar capacity in Europe.  

The graph below highlights the composition of the EGP’s portfolio of activity in 

Italy in 2013. The Italian energetic system has always had an important 

dependence on Hydroelectric power: Hydroelectric capacity now accounts for 

almost 50% of the overall EGP’s installed capacity and, in particular, almost 70% 

of it comes from the 4 regions through which the Po river flows.  

 

Hydro 
49% 

Geothermal 
24% 

Solar 
4% 

Wind 
23% 

Breakdown of Italian renewables capacity. 



53 

 

Italy is where geothermal energy was used for the first time for industrial 

purposes, the country remains one of the leading producers and Enel Green Power 

is a global benchmark in this technology. Geothermal activity is particularly 

intense in the Tuscan region of Larderello: this region employs this technology 

since the beginning of last century and now produces 10% of the world’s entire 

supply of geothermal electricity. In particular, Tuscany in 2013 alone provided 

through its 35 plants all the 723MW of National Geothermal capacity. 

Wind is the source that registered in Italy the greatest growth over the past decade 

and now, more than half of the 720MW of wind installed capacity comes from the 

two main Italian islands Sicily and Sardinia. In the latter island, in particular, it is 

located the largest wind farm in terms of capacity: the Portoscuso wind farm in 

the province of Carbonia-Iglesias has an installed capacity of 89.70 MW. 

In the solar sector EGP intends to play a leading role on a global scale too thanks 

to the joint-venture with Sharp and ST-Microelectronics and to the great expertise 

acquired in Italy through the Enel Green Power Retail franchising model. The 

joint-venture mentioned above has been signed on January the 4
th

 2010 and 

consisted in the development of the thin-film photovoltaic panel technology  in 

Catania: the factory started operations in 2011 with an initial capacity of 160 MW 

and has required a total investment equal to €320 million. The investment has 

been financed through own capital, state incentives  and project financing:  each 

underwriter has subscribed at most € 70million in cash or in material or 

immaterial assets and holds a third of the resulting joint-venture
59

. 

On the same date, Enel Green Power and Sharp have moreover subscribed an 

agreement for the development within 2016 of new thin-film photovoltaic plants 

in the EMEA region for an overall installed capacity of 500 MW. 
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2.3.2 Europe 

 

In 2013 almost 70% of the EGP’s global installed capacity was located in Europe; 

in particular, the worldwide installed capacity in the cogeneration, geothermal and 

solar technologies is located for more than 90% in the “Vieux Continent”. 

Enel operates in the Iberian peninsula through Enel Green Power España: Enel 

has a 60% holding in it, the remaining 40% is owned by Endesa. 

In 2013, in Portugal were located 28 plants, 14 of them are cogeneration plants  

(they provide 73% of the global cogeneration installed capacity), the remaining 14 

are wind farms. 

Spain is the second-largest provider of energy for EGP in Europe, the largest in 

terms of wind capacity: the 104 plants have a total capacity of 1759MW, 1652 of 

which come from wind farms. 

In France EGP operates since March 2010 through the subsidiary Enel Green 

Power France (EGPF), formerly known as Erelis Enel, which holds a National 

position of major player in the field of renewable energies: EGPF in 2013 had 

170MW of installed capacity, fully distributed in wind energy. 

In the eastern Europe EGP has plants in Greece, Bulgaria and Romania.  

EGP operates in Romania since 2007 through the subsidiary Enel Green Power 

Romania (EGPR): the company in 2013 had around 55 employees and an installed 

capacity of 498 MW in wind technology and 19.2MW in solar PV. Enel Green 

Power is also present in Bulgaria with two wind turbines with a 42MW capacity. 

Enel Green Power Hellas  (EGPH is the EGP’s subsidiary in Greece) has been 

founded in December 2008 and has about 299MW of installed wind, hydro and 

solar capacity. In particular, Greece in 2013 was the second-largest European 

Nation in terms of solar installed capacity.  
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2.3.3 North America 

 

Enel Green Power operates in North America  through the subsidiary Enel Green 

Power North America (EGP-NA): EGP-NA is a leading owner and operator of 

renewable energy plants in North America with projects operating and under 

development in three Canadian provinces and in 21 U.S. States. 

As of 2011, Canada was one of the world leaders in installed renewable 

generation capacity, thanks largely to the contribution of hydroelectric power. In 

Canada EGP-NA has 3 operative plants with a total capacity of 124 MW, 103 of 

which from wind, the remaining 21 from cogeneration. 2 of the 3 Canadian plants 

are wind farm and, in particular, in 2012 the Castle Rock Ridge plant has been 

built in the region of Alberta: the plant has 33 operating turbines for a total 

capacity of 76MW and is the first wind farm in Canada in term of installed 

capacity. 

In the United States, renewable energy use is supported by specific federal and 

State-level measures and is evolving continuously. As of 2012, the United States 

has a total installed renewables capacity of about 161 GW, up about 12% on the 

previous year. That substantial increase is mainly ascribable to the expansion of 

wind power.  

EGP-NA manages 90 plants, for a total installed capacity of 1,550 MW (of which 

1,164 in wind, 313 in hydro, 47 in geothermal and 26 in solar). 

The State of Oklahoma alone accounts for more than 30% of the National wind 

installed capacity through its 2 wind farms built in 2012: the Chisholm View plant 

has an installed capacity of 235MW while the 93 turbines plant of Rocky Ridge 

has a capacity of 150MW.  

Other relevant plants in the U.S. are the Caney River and Prairie Rose wind farms: 

the former has been built in 2011, is located in Kansas and has a capacity of 

200MW; the latter has been built in 2012, is in Minnesota and has a capacity of 

199MW. 
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2.3.4 Central and South America 

 

In 2013 Central and South America, Enel Green Power had 38 plants operating in 

Brazil, Chile, Costa Rica, El Salvador, Guatemala, Mexico and Panama for an 

overall installed capacity equal to 990MW: 732 of them are from hydroelectric, 

258 from wind. 

Brazil is the Latin American country with the greatest installed renewable 

generation capacity. Since 2006, Enel Green power operates in Brazil in the 

development and management of power generation from renewable resources 

through the subsidiary Enel Brasil Participações Ltda . In 2013 the subsidiary had 

around 200 employees and 20 hydro plants with an overall capacity of 93MW. 

Enel Green Power Chile is the Enel Group company that develops and manages 

renewable energy: it now has a portfolio of 182MW resulting from 2 hydro plants 

and a wind farm with 90MW of capacity. EGP’s commitment in Chile is also 

given by the programs the company has to assist local communities such as rural 

electrification programs, scholarships and health and agricultural programs. 

In Central America  EGP has a very impressive hydro plant in Panama: with its 

60m high and 600m wide dam it has a capacity of  300MW (almost one third of 

the overall EGP’s installed capacity in Latin America) and is operative since 

1984. EGP is one of the first providers of Panama’s electricity system through the 

subsidiary Enel Green Power Panama in which the Panamanian Government 

holds a minority stake. 

In Costa Rica, Guatemala and El Salvador  EGP manages 10 plants with 423MW 

capacity: 204 of them come from the 2 geothermal plants located in El Salvador, 

195 from the hydro plants in Costa Rica and Guatemala, the remaining 24 from 

the wind farm in Costa Rica. Here the Company has scholarships, social, 

educational and environmental programs in order to rise up the socio-economic 

development of Costa Rican communities. 
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The Mexican Government has recently taken steps to develop a regulatory 

framework to support renewables. More specifically, the Government has set a 

target for reducing emissions by 30% by 2020, and generating 35% of electricity 

from clean resources by 2024.  

In 2013 Enel Green Power had in Mexico about 197 MW of consolidated 

capacity, of which 53 from hydropower and 144 MW from the two wind farms 

Bii Nee Stipa II and III in the State of Oaxaca. Moreover EGP promotes 

involvement with local community by implementing programs to manage and 

strengthen the capacities of Mexican people, culture, education and health, in 

addition to promoting respect for the environment. 
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2.4 Strategical Planning60
. 

 

Enel Green Power’s strategy is to consolidate its position in the European market 

and to geographically diversify through the development of new technologies. In 

the past years, the key features of EGP’s development have been: 

 

 the global leadership in renewables; 

 a consistent delivery since IPO; 

 an increasing geographical and technological diversification; 

 a strong set of projects in execution and; 

 a solid capital and debt structure. 

 

The 2013 -2017 strategic plan  allocates ~ 6.1 billion euro (5.5 billion to growth 

and 600 million euro to maintenance) to investments and targets to add 4.4 

gigawatts in the next five years for an end-of-period total installed capacity of 

12.4 gigawatts and a portfolio composed of 58% of wind and 42% of geothermal, 

hydro, biomass and solar. 

The Group’s 2013-2017 business plan reveals that within 2020 the expected 

growth in renewables demand is expected to be between 4% and 10% in North 

America and Europe, between 3% and 8% in Latin America and between 8% and 

9% in the rest of the World for a worldwide expected growth between 6% and 

9%.  
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Considering these expected global trend, EGP will pursue its growth strategy 

through the following tools: 

 

1. Self-financed growth; 

2. Operating excellence 

3. Innovation and new technologies; 

4. Expansion in new geographies 

 

1. Self-financed growth. 

The 2013-2017 business plan revolves around the concept of self-financed 

growth as source of finance for EGP's development strategies. 

The use of the cash flows from operations as source of financing of future 

investment, in fact, triggers a virtuous circle according to which the 

reinvestment of the EBITDA of existing plants supports growth and 

continuously develops the business. 

 

In the near term the Group plans to use the cash flows from operations  for the 

finalization of the projects already authorized: within 2014 the plants ready to 

build will provide an increase of 1.8GW in installed capacity. 

 

In Brazil, within January 2014, EGP will add more 287MW to its portfolio for 

the construction of wind power plants in the states of Bahia, Pernambuco and 

Rio Grande do Norte, thanks to the winning projects in wind power auctions, 

held in 2010 and 2011. EGP in Brazil has also been developing projects for 

the use of solar energy, some of them with the partnership of Endesa Brazil. 

 

In Chile four developing projects are in construction: when operative, the 

three wind farms and the geothermal plant will add respectively 279MW and 

50MW to the network  
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Moreover, the two developing hydro plants in Guatemala and Costa Rica will 

provide new installed capacity respectively for 130MW and 50MW. 

In the long term, thanks to self-financed growth, the Group will strongly 

increase both additional capacity and electricity production. With reference to 

2012 data, the 2013-2017 business plan forecasts an increase in capacity equal 

to 40% (+3.2GW) by 2015 and to 55% (+4.4GW) by 2017 and an increase in 

production equal to 50% (+12.5TWh) by 2015 and to 68% (+17.2TWh) by 

2017. 

 

 

2. Operating excellence. 

The Group’s striving for excellence embodies the activities of business 

development, engineering and construction of new plants, procurement and 

Operations and Maintenance (O&M). The 2013-2017 business plan forecasts 

an increase in efficiency of 38 €/MW by 2015 and 36 €/MW by 2017. This 

higher efficiency can be pursued through economies of scope and scale, the 

optimization of operating efficiency and the employment of world class 

expertise in all technologies. 

3. Innovation and new technologies. 

EGP in the reference period 2013-2017 will focus on new technologies such 

as solar thermal energy, combined geothermal-solar and small-size biomass. 

The Group will diversify its risk profile through a well-balanced geographical 

and technological mix. The 2013-2017 business plan, in fact, forecasts the 

following additional capacity mix: 66% wind, 14% solar, 9% hydro, 9% geo, 

2% biomass. The following graph shows in detail how the capex growth will 

be broken down into the different technologies.  
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As a demonstration of the high profitability of wind farms, the graph 

highlights that wind is the technology on which EGP will dedicate the highest 

portion of the expected capex growth. 16% of capex growth in geothermal 

will be mainly dedicated to Chile, where surface explorations in more than 5 

areas have been completed with positive results, to Peru, where the group has 

obtained 2 geothermal licenses and to North America in Utah and northern 

California.  

4. Expansion in new geographies.  

The expansion in new geographies requires EGP the opening of construction 

sites and the exploration of opportunities in new countries through a detailed 
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screening and ranking of the countries and resource and site hunting. The 

overall country rating depends on: GDP growth, power demand growth, 

energy dependency and ease of doing business. The focus of growth will be on 

emerging markets: the graph below shows that, in the reference period 2013-

2017, almost 70% of the overall capex growth will be for emerging countries.  

 

Ceteri paribus, emerging countries are characterized by a strong internal 

growth and strong increase in energetic demand, so EGP has planned to 

focus its investment in those emerging countries characterized by 

abundance of resources. For the reference period 2013-2017 the 

geographical diversification will be ensured by adding the following 5 

countries to the Group’s portfolio: Colombia, Peru, Morocco, South Africa 

and Turkey.  
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The main macroeconomic and energetic features of the 5 countries are 

summarized in the two tables below: 

 

1: GDP growth calculated at constant prices and in national currencies. Ease of doing business 

World Bank index ranks economies from 1 to 185 

 

 

Starting from these data, the 2013-2017 business plan forecasts small-

hydro, wind and solar opportunities scouting in Colombia; the 

development of solar and wind technologies in Morocco trough the pre-

qualification in 850MW wind tender and trough the developing of own PV 
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and wind greenfield projects. In Peru and in Turkey EGP plans to invest in 

all the 4 technologies: in Peru tenders are expected in 2013 and the 1
st
 

geothermal exploration licenses has already been obtained, in Turkey there 

are multi-tech greenfield pipeline under development.  

In South Africa, EGP has recently begun work on four PV solar and two 

wind projects with an overall capacity of 513Mw
61

. 
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2.5 EGP’s main competitors 
 

The main EGP’s competitors, in terms of size and global presence are Iberdrola 

Renovables, EDF Energie Nouvelles and EDP Renovaveis.  

Iberdrola is the number one Spanish electric utility group and the world leader in 

wind energy62. The Company’s vision embodies the commitment to ethics and 

respect for environment:  

 

“We aspire to be the preferred Global Energy Company because of our 

commitment to the creation of value, quality of life, the safety of people and of 

supply, the protection of the environment and customer focus”. 

Iberdrola operates in 13 countries, in particular, UK (it accounts for 42% of total 

investments), Latin America (mainly Brazil which will receive nearly 23% of total 

investments, then Mexico), Spain (19%) and US (16%). At the end of 2012, the 

Group reported a total installed capacity of 43,039 MW : the graph below breaks 

down the total capacity per source
63

. 
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The 98% of renewables installed capacity comes from wind farms, the remaining 

capacity comes from Mini Hydro (306 MW), Photovoltaic (56 MW), Hybrid Gas-

Solar (50MW), Biomass (2MW) and Wave (1MW). The 42% of the wind 

capacity comes from Spain,  40% from US, 9% from UK and the remaining 9% 

from the wind farms installed in the rest of world. 

The 2012 Financial Statement reports revenues for €34,201 million (8% higher 

than 2011), a gross margin equal to € 12,578 million ( +4.6%),  an EBITDA equal 

to € 7,727 million (+1%), a net profit equal to €2,841 million (+1.3%), cash flow 

equal to €6,196 (+2.5%) and a debt to enterprise ratio equal to 45%
64

. 

EDF Energie Nouvelles (électricité de France énergie nouvelles) is the French 

leader in the production of renewable energy. 50% of the company is owned by 

the state-owned électricité de France, 25% by founder Paris Mouratoglou, the 

remaining 25% was traded on the Euronext Paris, it has recently been delisted. 

The group operates in the generation of green energy in 12 counties worldwide 

and has 5,372 MW of gross installed capacity: 87% of the overall capacity is 

given by wind farms,  9% by Solar technology, 4% by other activities (small 

Hydro, Biogass and Biomass)
65

. The last financial year has closed with 

consolidated revenues equal to €1,471million,  EBITDA equal to €643 million 

and a net income of €78 million. 

EDP Renovaveis is a leading renewable energy company, expert in the 

development, construction and operation of wind farms and solar plants  

throughout the world. It will be analysed in detail in the last chapter for the 

computation of the beta of the wind investment. 
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The histogram below compares the geographical presence and the technology mix 

of EGP and its main competitors: 

 

 

The graph highlights the strong Enel Green Power’s competitive position with 

reference to its close competitors: the Group is the most diversified green energy 

player both in terms of geographical presence and technology mix. 
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Chapter 3: 

Most commonly accepted Investment valuation 

methodologies 

 

3.1 Investment Decision Rules 
 

Top managers are continuously involved in financial decisions concerning the 

profitability of certain projects that have long-term implications. In general, 

projects have to be accepted if they increase the value of the firm to its investors 

but the real issue for a financial manager is to select the most appropriate 

valuation method and the right parameters rather than decide whether to launch or 

not an investment. 

Capital budgeting decisions that managers typically face are:  

 

 cost reduction decisions; 

 expansion decisions; 

 equipment selection decisions; 

 lease or buy decisions and 

 equipment replacement decisions
66

 

 

Cost reduction decision include the valuation of the purchase of a new equipment  

to reduce costs; expansion decisions are the acquisition of a new plant, a new 

warehouse or other facilities to increase capacity and sales; typical equipment 

selection decisions are the choice of a new machine between the available ones; 

lease or buy decisions include the decision to purchase or lease new equipment; 

equipment replacement decisions evaluate the profitability and timing of the 

replacement of old equipment. 
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In this chapter the most accepted investment valuation methodologies will be 

analysed in order to determine the financial profitability of the wind farm. In 

particular, the thesis will focus on the most used evaluation techniques: Net 

present value, Internal Rate of return, Payback Period and Sensitivity Analysis. 

The graph below summarizes the results  of a survey on different capital 

budgeting methods based on the responses of 392 CFOs who always or almost 

always use a particular method in their decision making
67

. 
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3.1.1 The net present value. 

 

The Net present value (NPV)  

 

“is a measure of the excess cash flows expected from an investment proposal. It is 

equal to the present value of the cash inflows from an investment proposal, 

discounted at the required rate of return for the investment, minus the present 

value of the cash outflows required by the investment, also discounted at the 

investment’s required rate of return. If the derived net present value is a positive 

value (i.e., there is an excess net present value), the investment should be 

acquired since it will provide a rate of return above its required returns”
68

. 

 

The Net Present Value is based on the Discounted Cash Flow (DCF) method, 

therefore it is a  time-based methodology: it takes into account the inflation and 

uncertainty factors and recognize that a dollar today is worth more than a dollar 

tomorrow (the so-called “ time value of money” principle).  

 

Another key feature of the NPV is that it depends solely on the expected cash 

flows and on the discount rate: it means that the results do not depend on 

accounting methods and on managers’ personal preferences. The NPV does not 

consider accounting net income for two main reasons.  

The first reason is that accounting net income depends on how accountants 

classify certain expenses. When calculating profit, operating expenses are 

deducted, while capital expenses not. Capital expenses, instead, are depreciated 

over a determined number of years and the annual depreciation charge is deducted 

from profits. Therefore the same expense may be classified as a “capital 

investment” in a company and as “operating expense” in another leading thus to 

two different and not comparable results.  

The second reason is that accounting net income is estimated through accruals that 

ignore the timing of the transaction while the present value of a cash flow depends 

on when it occurs. 
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The third key feature of the NPV is its additive property: since the net present 

value is expressed in today’s currency it is possible to calculate the NPV of a joint 

project simply adding up the net present values of the single projects
69

. 

From the financial definition, the two main issues for the computation of the NPV 

are: 

 

 

1 Computation of the project’s free cash flows; 

 

 

2 Computation of the discount factor. 
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3.1.1.1  Computation of the project’s free cash flows. 

 

 

The general rule that has to be followed in the determination of the cash flows of a 

project is that only incremental flows arising from the acceptance of the decision 

are relevant.  In choices between two or more alternatives only avoidable costs are 

relevant.  

“An avoidable cost is a cost that can be eliminated in whole or in part by 

choosing one alternative over another”
70

, therefore if a cost will be the same 

independently from the choice of an alternative over another, it has no effect on 

the decision and has to be ignored. Another category of irrelevant costs are sunk 

costs, i.e. “any unrecoverable cost for which a firm is already liable”
71

 . Sunk 

costs are past and irreversible and have not to be taken into account in decision 

making. 

In the determination of the final cash flows opportunity costs are relevant too. 

Opportunity costs are fundamental in decision making even if are not recorded in 

account books.  

”The opportunity cost of using a resource is the value it could have provided in its 

best alternative use
6
”. 

Therefore, when evaluating the launch a new product, the decision to use a 

property space currently rented out to a third party for the production of the new 

product, the rental fee is the monthly opportunity cost that has to be taken into 

account in the decision making. 

Given these general rules, the computation of the cash flows generated by a 

project requires a totally integrated approach within the different departments of 

the company: the marketing and sales department is responsible for the account 

receivables policy and has to estimate the expected unit sold for a certain sale 

price in order to derive the overall expected revenues; the purchasing department  

is responsible for the cost of goods sold, for the required equipment, for the 

inventory and for the account payables; the human and resources department has 

to estimate the additional overhead and the selling and administrative personnel; 
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the accounting department has to calculate the yearly depreciation of the 

equipment. 

 

The project’s cash flows can be calculated directly starting from Revenues and 

indirectly starting from accounting earnings. 

 

The free cash flows can be calculated directly by using the following formula: 

 

FCF = (Revenues – Costs – Depreciation) x (1- tax rate) 

 + Depreciation – Capital Expenditures 

 – Increase in Net Working Capital. 

 

The “Costs” item includes all the incremental variable and fixed direct costs of the 

project.  

The depreciation is first deducted when calculating the Unlevered Net Income and 

then added back when calculating the FCF: therefore the effect of depreciation is 

to reduce the taxable profit. 

 

 

The accounting earnings cannot be directly actualized for the computation of the 

Net Present Value of a project for the reasons explained above, nevertheless they 

can be used to calculate indirectly the free cash flow. 

To compute the project’s  cash flows indirectly, all the uses and sources of cash 

have to be taken into account: increases in assets and decreases in liabilities are 

uses of cash, decreases in assets and increases in liabilities are sources of cash.  

 

Therefore, the accounting earnings have to be adjusted for gains and losses on 

sales on assets, for changes in all current asset and liabilities and non-cash 

expenses (such as depreciation and amortization) have to be added back.  
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3.1.1.2 Computation of the discount factor: the Weighted Average Cost of 

Capital. 

 

To compute the NPV of a project, the FCF have to be discounted at the 

appropriate discount rate.  The overall discount rate depends on the riskiness of 

the project and if it is financed through debt or equity or through a mix of them. 

For a risk-free project the appropriate discount rate is the interest rate on 

government bonds with a similar term (the risk-free rate “Rf”) independently on 

the way it is financed. 

For risky projects, the appropriate discount rate is the average of the return 

expected from shareholders (the equity cost of capital “Re”)  and creditors (debt 

cost of capital “Rd”) weighted with the financing structure of the project: the 

Weighted Average Cost of Capital (WACC). 

 

     
      

(           )
    (          )     

    

(           )
 

 

The return expected from shareholders is “the best available expected return 

offered in the market on an investment of comparable risk and term to the cash 

flow being discounted”
6
. The Capital Asset Pricing Model provides a way to 

calculate the equity cost of capital: it is given by the risk-free rate plus an 

appropriate risk premium.  

 

Under the CAPM assumption: 
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The expected return of a risky asset is thus determined by the risk free rate plus 

the equity risk premium multiplied for the systemic risk of the asset ( ). The 

equity risk premium (ERP) is the excess return of the market versus the risk free 

rate (Rm- Rf). Therefore the formula for the computation of the equity cost of 

capital becomes: 

         (     ) 
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Determinants of the CAPM’s factors.  

 

Risk free rate. 

 

“A risk-free rate is the return available on a security that the market generally 

regards as free of the risk of default
72

”.  

Risk in finance is generally viewed in terms of variance in actual returns around 

the expected return: therefore for a risk-free investment the actual returns are 

always equal to the expected return. In the market, the only securities that have no 

default and reinvestment risk are government securities: since government control 

the printing of currency, they are anyhow able to fulfil their promises, at least in 

nominal terms. 

Capital budgeting has to evaluate short term as well as long term investments and 

the risk free rate can vary depending on the time horizon of the investment. 

Regarding this matter, Damodaran states in its research on the riskfree rate : 

“given that the difference between the 10-year and 30-year bond rates is small 

and that it is much easier estimating equity risk premiums and default spreads 

against the former rather than the latter, using the 10-year bond rate as the 

riskfree rate on all cash flows is a good practice in valuation, at least in mature 

markets
73

”. 

 

In most business valuations, it can be safely assumed that the duration of the cash 

flows will be high, especially if cash flows continue into perpetuity. 

With reference to the cash flows, Damodaran states that the risk free rate has to 

comply to the consistency principle: “The risk free rate used to come up with 

expected returns should be measured consistently with the cash flows are 

measured. Thus, if cash flows are estimated in nominal US dollar terms, the risk 

free rate will be the US treasury bond rate. This also implies that it is not where a 
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project or firm is domiciled that determines the choice of a risk free rate, but the 

currency in which the cash flows on the project or firm are estimated”. 

In practice, in conditions of high inflation the cash flows are estimated using real 

growth rates and are discounted in real terms. Therefore the valuation of an 

investment whether expressed in real or nominal terms, in dollar or in yen always 

leads to the same result. 

In the case in which there are no long-term government securities or these 

securities are not default-free the expected cash flows of the project can be 

converted in the currency of a foreign country whose government bonds are 

available and default-free and then discounted at the foreign risk-free rate. The 

cash flows have to be converted in compliance with the purchasing power parity 

condition estimating the expected exchange rate starting from the actual exchange 

rate and the expected inflation in the two countries of reference
74

. In the case of 

non-default free government bonds it is also possible to calculate the risk free rate 

by subtracting the default risk spread from the market interest rate yields. 
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Beta 

 

The Beta of a project “i” is function of the covariance of return that investors 

expect from the project “i” and the return of the market portfolio Rm (it is the 

expected return from a completely diversified portfolio that includes all risky 

assets with relative weights equal to their proportional market values) on the 

volatility of the market portfolio measured through its variance : 
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Beta is the standardized measure of systematic risk: it is the risk inherent the 

entire market and that cannot be mitigated through diversification.  

The Beta expressed above is simply calculated using the historical returns of the 

market portfolio and the return of an asset or of a project with the same features of 

the project “i”: it is a “regression” beta. However regression betas are 

characterised by the index problem, the noise problem, and by the problem of 

firms changing over time
75

.  

The regression betas vary widely depending upon the estimation choices of the 

regression: according to the index problem, the time period used, the return 

interval and the index reported strongly affect the final result. This index problem 

is amplified in the computation of betas for companies operating in emerging 

countries. 
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The betas resulting from regressions are noisy since they have very large standard 

deviations that lead to large ranges of values. 

Even if the computed beta is not affected by the index and noise problem it is still 

based upon historical data: the estimated beta thus reflects the past firm’s 

characteristics rather than the firm as it exist today. According to Damodaran 

firms do change over time for three reasons: 

1. The first reason is given by the fact that firms change their business mix 

by divesting existing businesses, investing in new businesses and 

acquiring firms. In this process firms will change their beta. 

 

2. Firms also change financial leverage, by adding to or paying off debt. In 

addition, actions such as the payment of dividends and buying back stock 

can also affect financial leverage. Finally, changing market values for both 

debt and equity can cause leverage to change significantly over short 

periods. 

 

3. Without considering their changing business mix and financial leverage, 

firms tend to grow over time: as they grow, their operating cost structures 

will tend to change leading to changes in the betas. 

 

However, Damodaran shows three alternatives to resolve the regression betas 

problems.  

One alternative is to modify the regression betas to reflect the firm's current 

operating and financial characteristics. For example, income statement and 

balance sheet variables are important predictors of beta: high payout is predictive 

of low beta; high variability of earnings and covariability with economy-wide 

earnings are predictive of high beta. 

The second alternative is to use a measure of relative risk (which is what beta is) 

without using historical prices on the stock and the index. Other measures of 

relative risk are relative volatility and accounting betas. 
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The relative volatility measures the volatility of an asset's price relative to the 

average volatility across all assets in that market: it does not require a correlation 

measure and hence is less noisy. However the relative volatility is based upon the 

assumption that total risk and market risk exposures are perfectly correlated: firms 

with high total risk will thus be exposed to high market risk. 

Another approach to estimate the relative risk parameters is from accounting 

earnings rather than from traded prices: the so called accounting beta. Changes in 

earnings at a division or a firm, on a quarterly or annual basis, can be regressed 

against changes in earnings for the market reported in the same periods to arrive at 

an estimate of a “market beta” to use in the CAPM. This measure of relative risk 

is preferable when market prices are too noisy or unavailable. On the other hand, 

accounting earnings can be influenced by accounting methods, and by allocations 

of corporate expenses at the divisional level, moreover, accounting earnings are 

measured, at most, once every quarter, and often only once every year, resulting in 

regressions with few observations and not much power. 

The third alternative suggested by Damodaran to resolve the problems of 

regression betas is to estimate betas that reflect the businesses a firm is operating 

in and its current financial leverage: bottom-up betas. The bottom-up beta is 

determined by the type of business, the degree of operating leverage and the 

financial leverage. 

Since betas measure the risk of a firm relative to a market index, the more 

sensitive a business is to market conditions, the higher is its beta: therefore 

cyclical firms are expected to have higher betas than non-cyclical firms. 

The degree of operating leverage is a function of the cost structure of a firm. High 

operative leverage means high fixed costs relative to total costs and it implies 

higher variability in earnings: for firms with high operative leverage, changes in 

sales lead to a more than proportional change in operating income, such firms will 

therefore have higher betas. 

High financial leverage implies high total debt on total assets and, other things 

remaining equal, firms with high financial leverage will perform increasing 
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income during good times and decreasing income during economic downturns. 

Therefore, the higher the financial leverage, the higher the beta. 

The bottom-up beta can thus be calculated through the Hamada’s equation
76

: 

 

        [  (          )  (
    

      
)] 

 

The levered beta (  ) is the beta of a firm with financial leverage and it is a 

function of the unlevered beta (  ). The unlevered beta is the beta of a firm 

without any debt and is determined by the types of the businesses in which it 

operates and its operating leverage. The Hamada’s equation can be used to 

determine the Beta Levered of a project or of a unlisted firm starting from the 

unlevered beta of comparable projects or listed firms having similar features and 

risks. 

According to Damodaran, bottom-up betas provide the best alternative to 

regressed betas since they are not noisy, they reflect the current risk features of the 

firm and do not require the availability of long historical series. 
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Equity Risk Premium. 

 

The ERP is the risk premium required by the market for investing in the market 

portfolio relatively to the riskless rate. ERP is mainly determined by the risk 

aversion, the economic risk (it is the risk that comes from more general concerns 

about the health and predictability of overall economy) and the efficiency of the 

market
77

. In particular ERP is positively correlated to risk aversion and economic 

risk an negatively to the market efficiency.  

Generally the ERP is calculated using the historical approach: the ERP calculation 

is based on historical returns and is relatively easy thanks to the availability of 

data but it is backward-looking and completely unable to estimate the ERP for 

emerging markets. 

In its research on the ERP, Damodaran analyses two other approaches: the survey 

and the implied approaches. 

In the survey approach, managers and investors are asked to assess the risk 

premium. In most cases this approach leads to not reliable results since survey risk 

premiums are strongly affected by recent stock prices movement: recent bullish 

periods generally lead to higher ERP, vice versa in the case of bearish periods. 

Moreover, survey premiums are sensitive not only to whom the question is asked 

but also how it is formulated. The Fisher and Statman’s study have even found a 

negative relation between investors sentiment and stock returns demonstrating 

that if survey premiums have any predictive power, it is the wrong direction
78

. 

In the implied approach, ERP is forward-looking estimated using either current 

equity prices or risk premium in non-equity markets. It can be estimated through 

three main different models. The first way is the DCF Model Based Premiums: in 

this case the current market prices for equity, in conjunction with expected cash 

flows, should yield an estimate on the equity risk premium. 
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The second way to calculated implied ERP is through the Default Spread Based 

Equity Risk Premium Model: in this case the ERP is estimated starting from the 

default spread on corporate bonds. 

The third way to calculate implied ERP is through the Option Pricing Model. This 

model uses option prices to back out the implied volatility in the equity market: to 

the extent that the equity risk premium is the way of pricing the risk of future 

stock price volatility, the model tries to formulate a relationship between the two 

in order to calculate the ERP. 

Damodaran concludes his study with a general rule on choosing the right 

approach to estimate ERP: if the markets are efficient, implied ERPs are reliable 

and preferable since they are forward-looking oriented; if the markets are 

significantly overvalued or undervalued, the historical risk premium is the best 

choice; if there is absolutely no faith in markets survey premium will be the 

choice. 
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3.1.2 Internal Rate of Return. 

 

The Internal Rate of Return (IRR)of a project is “the rate at which the present 

value of expected capital outlays is exactly equal to the present value of expected 

cash earnings on that project
79

”: it is the interest rate that sets the NPV of a 

project equal to zero. Since the IRR method is closely related to the NPV they 

share the main financial features; the main difference is that the first is expressed 

in percentage terms (more familiar for investors), the latter in today’s currency. 

According to the Grahama and Harveya’s survey it is the most popular capital 

budget method: almost 75% of the CFOs surveyed always or almost always use 

the IRR in their decision making. In decision making the use of the IRR is related 

to the company’s cost of capital: if the IRR of a project is greater than its cost of 

capital, then such project should be undertaken. When using the IRR method the 

cost of capital can therefore be considered as the hurdle rat that a project must 

clear for acceptance. 

Even if it is an intuitive and valid method, the IRR contains several pitfalls, here 

are the main ones. 

“The IRR rule is only guaranteed to work for a stand-alone project if all of the 

projects’ negative cash flows precede its positive cash flows”, therefore it is 

possible that two different projects might have the same IRR  but opposite NPV. 

A one-year project requiring an upfront investment of € 1,000 in year 1 that 

promises €1,500 in year 2, have the same IRR of a project that has a cash-in of 

€1,000 in year 1 and a cash out of € 1,500: at a discount rate of 10%, the first 

project has a NPV equal to € +364, the latter € -364. In other words, the IRR 

method leads to the same result whether it is related to an investing or borrowing 

decision. 

In projects having more than one change in the sign of the cash flows there might 

be more than one IRR or even no IRR at all. The reason has to be found in the 

Descartes’ “rule of signs”: there can be as many different solutions to a 
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polynomial as there are changes of sign. In these cases the easiest solution is to 

use the NPV method. 

 

The third main pitfall is that the IRR rule may give the wrong ranking of mutually 

exclusive projects that differ in economic life or in scale of required investment. 

In the case of mutually exclusive projects, the IRR method holds if  it is examined 

on each incremental investment. 
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3.1.3 The payback period 

 

The payback period (PBP) method is a part of the decision-making process for 

more than half of the surveyed CFOs: it is the length of time required by a project 

to recover its initial investment from the cash that it generates. Decision-makers 

using the PBP must decide on an acceptable cut-off date: the greater the liquidity 

needed, the shorter the acceptable time period
80

. 

The payback period is therefore expressed in years and can be viewed as the time 

that an investment takes to repay itself. In the case of constant annual cash inflows 

the PBP can be calculated through the following formula: 

 

                
                   

                      
 

 

In the case of non-constant annual cash inflows the PBP can be calculated using 

the average annual expected net cash inflow: it is equal to the overall cash inflow 

generated by the project during its lifetime divided by the expected length of such 

project. 

 

According to the Payback period method,  projects with lower PBP are preferable 

to those with a higher one; a project with a Payback period greater than its life has 

never to be undertaken because the investment required will never be recovered. 

The PBP technique is widely used mainly for its ease of use: it is easy to 

understand and to calculate (hence less costly) and it is very useful for the initial 

screening of projects and for “small routine” expenditure decisions. It also serves 

as a measure of a project’s risk since cash flows expected in the distant future are 
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riskier but PBP’s ease has a cost: it is not as reliable as the NPV the IRR 

techniques. Here are the three main limits of the payback period method. 

First of all the payback period is not a true measure of the profitability of an 

investment, therefore it is not consistent with shareholder wealth maximization.  

The second main limit is that the payback period is not always able to give the 

best solution: shorter payback period do not always mean that one project is more 

profitable than another. The reason of this pitfall has to be found in the fact that 

the PBP method do not take into account the cash flow after the cut-off date. 

The third main limit of the payback period is that in capital decision, techniques 

that recognize the time value of money are preferable: the PBP ignores it and the 

project’s cost of capital. 

Despite its limits, the payback period has shown to be an important, popular, 

primary and traditional method in the developed nations like the UK and the 

USA
81

. In capital budgeting the PBP is generally used as a support criterion to 

other methods that consider the time value of money or as a unique criterion for 

the evaluation of projects with small expenditures and obvious benefits: for such 

projects the costs related to the use of a more sophisticated technique might 

require an useless waste of resources
82

 . 
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3.1.4 Sensitivity Analysis 

 

Another important capital budgeting tool is sensitivity analysis: around half of the 

surveyed CFOs by Grahama and Harveya use this criterion in their decision-

making processes. 

“Generally speaking, sensitivity analysis (SA) concerns the mathematical model 

representation of a physical system, and attempts to assess the sensitivity of the 

model outputs to variations of model inputs given by variables or parameters and 

variations of model assumptions”
83

.  

The sensitivity analysis is therefore able to highlight the most important 

assumptions of the model of reference so to determine the level of required 

accuracy for a parameter to make the model sufficiently useful and valid
84

. 

In capital budgeting the SA is mainly related to the NPV but it can be applied to 

all the investment valuation methods: the sensitivity analysis breaks the NPV 

calculation into its component assumptions and shows how the NPV varies as the 

underlying assumptions change. The SA is able to build different scenarios and to 

highlight the key issues that make a project profitable. 

Long-term projects are characterized by uncertainty therefore one or more of the 

underlying assumptions may change for unexpected events leading to completely 

different results: uncertainty means that more things can happen than will happen, 

moreover the greatest dangers often lie in the unknown unknowns (the so-called 

“unk-unks”). The SA method starts with the most realistic computation of the 

NPV’s determinants, then through several simulations it is possible to discover 

what else can happen.  

Just as for the computation of the NPV, a reliable sensitive analysis requires the 

cooperation of the different departments of the firm: each division has to figure 
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out how things may change in the lifetime of the project, then provide a set of 

possible scenarios with the relative parameter. 

For example, when evaluating the launch of a new product, the marketing 

department may estimate how the market and competitors might react to such 

introduction: it generally builds different scenarios in terms of variations of the 

units sold and/or of the sale price. 

The accounting and the operation departments may formulate different payables 

and receivables policies and potential increases or decreases in operating 

efficiency that might lead to different operating costs and NWC parameters. 

 

Sensitivity analysis is useful for evaluating the uncertainty of estimates used for 

evaluation, and the impact of this uncertainty on the profitability of a project but it 

has some limits. 

 

SA takes into account the impact of certain unexpected events on the profitability 

of a project but it does not completely remove the uncertainty: the higher the 

project lifetime, the higher the probability that unexpected unk-unks may occur. 

Another problem with sensitivity analysis is that the underlying variables are 

likely to be interrelated. When considering the effect of a sale price reduction, for 

example, the different price might be caused by market and competition forces or 

by macro-economic variables such as deflation: in the latter case there will be a 

lower cost of production  too. Therefore, in order to correctly assess the effect of 

correlated variables, the sensitivity analysis requires the complete cooperation of 

all the departments during the whole decision-making process. This strong 

cooperation requires an high employment of resources and might be difficult to 

realize. 
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Chapter 4: 

Fundamental aspects for the valuation of a wind farm. 
 

4.1 Wind market trends     
 

In the immediate aftermath of the banking crisis in late 2008, the International 

Energy Agency urged governments to act on economic, energy security and 

environmental goals through its note to the G8 Energy Ministers. In that briefing, 

a key recommendation was to consider increasing the governments support 

toward a “clean energy new deal” and to increase financial investments in clean 

energy. 

The pace and structure of renewable energy project finance has been reshaped by 

a combination of forces: mainly the financial crisis, the global economic recession 

and changes in national legislations. In particular, debt markets continue to be 

weak, leading to higher borrowing costs and this, along with the perceived high-

risk nature of clean energy investments that limits the set of investors to those 

with a high – risk appetite, limits the possibility of scaling up deployments. Public 

finance institutions, providing services such as loan guarantees and export credit 

support, play a critical role in mature markets and a vital one for new and 

emerging markets
85

. Institutions like the World Bank, ADB, AFDB, KFW, JICA 

and EIB have developed financial instruments  absorbing the main risks involved 

that, without any kind of lending support, would have deterred financiers and thus 

created a kind of vicious circle. 

The wind industry as well suffers from the same issues that afflict the whole 

renewable energy industry but it is still growing: since 2000, cumulative installed 

capacity in the wind sector has performed an average growth rate of around 30% 

per year
86

 while in 2011 the market grew by about 6% compared to 2010
87

. In 
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2011 and 2010 more new turbine capacity was added in developing countries and 

emerging markets than in OECD countries
88

. 

The main drivers of growth in the global market, as they have been for the past 

several years, are the Asian powerhouses of China and India:  in 2011 the top 

countries for new installations were China, the United States, India, Germany, and 

the U.K., followed closely by Canada.  

As highlighted by the graph below, China alone installed 43% of the world 

incremental installed capacity even if, from 2010 to 2011, it has been installed 

less capacity than in the previous year: the main reasons of the slowing are the 

stricter approval procedures for new projects, which were required after a series of 

major faults at large wind farms. 

The first new initiative introduced was the “Wind Farm Development and 

Management Interim Rules and Regulations”: the regulations state that wind 

farms cannot start construction before the approval process is completely finished, 

or the project will not be granted the feed-in tariff and grid access. The objective 

of the regulations is to have more control over the quality of the projects, rather 

than merely encouraging quantity: 17 GW over the total installed capacity, in fact, 

had not been commercially certified.  
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** Provisional Figure 

In 2011, the United States added more than 6.8 GW to the grid with a total 

installed capacity equal to 46,919 GW: in 2012 the USA alone accounted for 

almost one fifth of the world installed capacity. Considering the past five years, 

the average annual growth rate is 33% driven in large part by approaching 

expiration of key federal incentives
89

: now the wind power capacity is able to 

supply electricity for millions of American homes. Texas had more than one-fifth 

of total U.S. capacity but the most active states in 2011 were California, Illinois, 

Iowa and Minnesota: these states have emerged as active wind regions as a result 

of new state policies, as well as benefiting from new 

technology using higher hub heights and larger rotor diameters which capture 

more energy
90

.  
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The European Union added about 9.6 GW in 2011, bringing the region’s total to 

more than 90 GW: the share of total power capacity EU has increased from 2.2% 

in 2000 to 10.5% at the end of 2011. The graph shows that Germany remains the 

largest market in Europe, adding 2 GW for a total of 29 GW. Compared to 2010, 

the German wind market grew by 30% and it is expected to keep growing since, 

in the summer of 2011 after the Fukushima disaster, the German parliament voted 

in favour of fully phasing out nuclear energy by 2022. Following this decision, the 

German government adopted a package of measures: “The path to the energy of 

the future - reliable, affordable and environmentally sound”
91

 and amended seven 

laws, including the Renewable Energy Sources Act. 

 

In 2011 Spain performed a modest growth due to economic recession but it 

remains the second largest market in terms of total installed wind capacity. Spain 

is endowed with significant wind power resources and it is expected to strengthen 

its position in the market since the Spanish government adopted in 2011 the 

National Renewable Energy Plan (PER 2011-2020). According to the PER, wind 

power will become the most important power technology in terms of installed 

capacity so that wind power would meet 19.5% of national electricity demand. 

 

India was the third largest market in 2011 in terms of additional installed capacity 

for the second year running, breaking the 3 GW barrier for the first time
92

. India’s 

economic policy is based on its Five Year Plans and during the first four years of 

the current plan period, 7,063 MW of wind had been installed by the end of 

March 2011. 

In the same year, India introduced a Renewable Energy Certificate (REC1) market 

and introduced support mechanisms such as the accelerated depreciation tax 

benefit and Generation Based Incentive. From 2003 to 2011, these support 

mechanisms and the general Indian energetic policy have lead the wind sector to 

grow at a compound annual rate of about 29% . 
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In 2011, France was the sixth largest wind market  with a total installed capacity 

equal to 6,800 MW. As part of its obligation under the EU Renewable Directive, 

France is required to meet 23% of final energy demand with renewable sources by 

2020, therefore the French government has set a target of 25 GW of wind power 

(6 GW of which deriving from offshore). Despite its worldwide dominant role in 

the nuclear industry, France is the second largest European market and the wind 

resource is well distributed across the country. In July 2011, the French 

government launched a first call for tender for 3 GW of offshore wind 

development in five zones in the Atlantic, the North Sea and the Channel: the 

project is expected to create 10,000 new jobs and new wind power development 

from 2018 onwards. 

 

  



95 

 

4.1.1 The wind installed capacity in Italy 

 

In 2012, despite its normative uncertainty and the weak debt market, Italy 

overtook France becoming the world’s sixth wind market. In the same year, Italy 

installed 1,273 MW of new capacity, the third largest amount in Europe after 

Germany (2,415 MW) and UK (1,897 MW)
93

.  

All of the wind energy is provided by onshore plants (mostly on hill or mountain 

sites) and the largest development were in the southern regions (mainly Apulia, 

Calabria, Campania, Sardinia and Sicily). The graph below breaks down the 

Italian wind capacity per region
94

: almost one fourth of the total capacity comes 

from Sicily while the Center-North regions of Italy provide only 2% of the overall 

capacity. 

The R&D programs are carried out by national Institutions, universities, 

polytechnic schools and companies. 
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4.2 Drivers of wind energy development 

4.2.1 Technology 

4.2.1.1 Historical background 

 

Technology is together with regulation a key factor for wind energy development. 

Innovations on wind farms and on turbines lead to higher load factors and to 

higher electricity generation per unit of capital invested, thus increasing the 

profitability of such energy source 

Mankind utilizes wind as energy since 5000 B.C. when it was used to propel sail 

boats across the river Nile and, since then, wind has been transformed into 

mechanical energy for many purposes: it has been exploited to pump seawater for 

salt-making, to grind grain, to drive vehicles and ships and to drain land for 

agriculture and for building
95

.  

The discovery of the internal combustion engine and the development of electrical 

grids caused the disappearance of many windmills and a gradual abandonment of 

wind as a source of mechanical energy. However the use of wind was strongly 

revolutionized in 1888 when Charles Brush built the first wind electricity 

generation turbine in Cleveland: for the first time wind energy is used to generate 

electricity. The Brush’s wind turbine was a 12kw generator with a diameter of 

17m and was able to produce direct current (DC) power for battery charging at 

variable speed
96

 but did not gain ground in the electricity generation field owing 

to the dominance of steam turbines. 

Only in the last stages of the first World War wind generators were developed in 

Europe through the use of 25kW machines in Denmark. The development 

continued after World War II in Germany, France, UK and Denmark, where the 
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Gedser mill 200kW three-bladed upwind rotor wind turbine operated successfully 

until the early 1960s
97

. 

The 1970s oil crisis renewed the interest in wind energy and increased concerns 

over resource conservation. Electricity generated from wind was initially used to 

charge batteries in isolated power systems
98

, then, thanks to the wind turbines 

market evolution, there was the shift from domestic and agricultural to utility 

interconnected wind farm applications
12

. In this context, California exploited the 

USA government incentives and installed over 16,000 machines between 1981 

and 1990
99

; in northern Europe, the excellent wind resources lead to the creation 

of a stable market and to the development of new technologies: the wind industry 

focus shifted to offshore and to Small Wind Turbines (SWT) plants. 
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4.2.1.2 Main characteristics of wind turbines 

Components 

 

The turbines are the key element in the generation of electricity from wind since 

they harness the kinetic energy of the wind and convert it into electricity.  

 

Generally there are four main parts to a wind turbine: the rotor, the nacelle, the 

tower and the base
100

.  

The rotor is the wind turbine’s blades and the hub to which they attach from the 

rotor. The blades’ rotation is based on the lift force of wind: as wind passes 

behind the blade, it creates a pressure that generates the rotation of the blades 

themselves.  

The nacelle includes the generator and the gearbox and protects them from 

weather and helps control the noise level of the turbine. The gearbox attaches the 

blades to the generator and its main function is to turn the slow rotation speed of 

the blades into a quicker rotation (over 1,500 rotations per minute) for the 

generator.  

The tower is typically a steel tubular structure which function is to hold the rotor 

and the nacelle at the optimal height.  

The base sustains the whole wind turbine, it is made of reinforced steel bars and it 

is typically either a shallow flat disk or a deeper cylinder. 
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4.2.1.2.2 Classification of wind turbines 

 

Wind turbines are mainly classified according to the orientation of the rotor axis, 

the number of blades, the rotor speed, the yaw control and their location. 

On the basis of the orientation of the rotor axis, turbines can be categorized into 

vertical axis and horizontal axis ones.  

 

Horizontal-axis wind turbines (HAWTs) have the rotor and the generator at the 

top of the tower and usually feature rotors resembling aircraft propellers. Almost 

all commercial turbines are HAWTs and rotors are upwind of tower to take 

advantage of higher winds farther from the ground. In order to maximise power 

generation, HAWTs generally have a yawing mechanism that aligns the entire 

nacelle on the basis of the wind direction. 

 

Vertical-axis wind turbines (VAWTs) have the main rotor shaft arranged 

vertically and are categorized into two overarching classes: the Savnoius and the 

Darrieus. The former operates like a water wheel using drag forces, whilst the 

latter uses blades similar to those used on HAWATs. The Darrieus devices are 

characterized by a lower solidity of the structure but they are more efficient than 

the Savonious ones since, despite the higher solidity, drag devices can capture 

much lower percentages of wind energy. 

VAWTs do not require yaw mechanisms since they accept wind from any angle 

and they generally operate near the ground. This characteristic has the advantage 

of allowing placement of the components at ground level leading to easier 

maintenance and to lighter and smaller devices.  

On the other hand, winds are lower at ground level thus leading to much lower 

power production. Moreover the vertical-axis rotation generates a centrifugal 

force that stresses the blades and imply a much lower reliability of the overall 

device.  

For these reasons historically VAWTs have never been commercially successful; 

they are now attracting the wind industry’s interest for their potential use in the 

small wind turbines (SWTs) field. VAWTs can be in fact installed on roofs and 
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provide power directly to homes, schools, businesses and provide power to off-

grid sites. 

 

Wind turbines may have one, two or three blades.  

One-blade rotors are generally the less employed since, despite an easier 

installation of the device, they capture less energy than two and three blade rotors. 

One-blade devices require an higher rotation to capture an adequate amount of 

wind therefore they are noisier and have an higher wildlife impact.  

Two-blades rotors are able to capture more energy than the one-blade ones but 

still less than three-blades ones. Moreover they are subjected to gyroscopic 

imbalances therefore they require teetering hubs or shock absorbers.  

Three-blades devices are the most used ones since they have a perfect balance of 

gyroscopic forces and require a slower rotation to capture a good amount of wind. 

The slower rotation increases the gearbox and transmission costs but, on the other 

hand, it implies more aesthetic and less noisy devices and decreases the bird 

strikes. 

 

Wind turbines can be classified on the basis of their speed into variable or 

constant-speed ones.  

Variable-speed turbines have the speed rotation of the blades directly proportional 

to the wind strength: they optimize the aerodynamic efficiency and are cheaper to 

realize but, on the other hand, they do not generate a fixed and constant amount of 

energy that has to be corrected and stabilized before to be fed onto the grid. 

Fixed-speed turbines incorporate power electronics that optimize the power output 

by keeping the speed rotation of the blades constant. These rotors increase the 

mechanical stress of the overall device and are noisier; moreover fixed-speed 

wind turbines produce between 8% and 15% less power than variable-speed 

ones
101

. 

 

On the basis of the yaw control, wind turbines can be classified into active and 

passive ones: the former have a yaw control mechanism that turns the rotor to 
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capture the optimal wind, the latter have not. Active wind turbines are largely 

employed on commercial-scale whilst the passive ones are used for small devices.  

 

Since the industry seems to have consolidated the use of three-blades, variable-

speed, active HAWTs, now the relevant factor that classifies wind farms is their 

location. 
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4.2.1.3 Onshore wind farms. 

 

Onshore wind farms are located on land where the wind is strongest, thus in large 

open spaces or in places of high altitudes; offshore wind farms are located in the 

water and are the new frontier of wind energy. 

 

The WEO 2012 states that in 2011 only 4GW over the total 238GW of world 

wind capacity installed was from offshore farms, nevertheless in the New Policies 

Scenario world offshore installed capacity is expected to be equal to 175GW by 

2035 (equal to the 16% of the overall capacity). 

 

As the offshore ones, onshore wind turbines are generally grouped together in 

wind farms in order to increase the electricity generation per square meter 

occupied.  

These farms have an average capacity ranging from 5 to 300MW wind with an 

average capacity per turbine equal to 1.6MW.  The figure below shows that the 

average turbines’ size has grown significantly over the past 30 years and they are 

expected to be taller and taller.  

 

Growth in size of typical commercial wind turbines
102
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Modern wind turbines have hub that excess the 125m of height and rotors with a 

diameter between 50 to 100 m. This continual increase in their size has mainly 

been driven by cost reduction reasons: taller towers guarantee higher-wind quality 

resources and thus higher electricity generation; larger rotors are able to capture 

more wind and decrease the rotations needed to generate electricity. Bigger 

turbines imply fewer number of devices and this reduces the overall cost per 

capacity in terms of initial investment but also in terms of operating and 

maintenance costs. Nowadays the turbines size is limited by logistical and 

engineering constraints and by their wildlife and visual impact. 

 

  

                                                                                                                                      
P. Matschoss, S. Kadner, T. Zwickel, P. Eickemeier, G. Hansen, S. Schlomer, C. von Stechow 
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4.2.1.4 Offshore wind farms  

 

Offshore wind turbines were first proposed in Germany in 1930s and first 

installed in Sweden and in Denmark in the first years of the 90s to take advantage 

of more frequent winds with higher speeds.  

In general, compared to onshore turbines, offshore farms have a much lower 

aesthetic impact, higher wind speeds and they do not have to comply to particular 

size and location requirements. On the other hand offshore turbines have much 

higher costs either in terms of installation and connection to the grid, either in 

terms of operating and maintenance costs. 

The WEO 2012 states that in 2011 all the offshore installed capacity came from 

the European Union: 53 farms installed in Belgium, Denmark, Finland, Germany, 

Ireland, the Netherlands, Norway, Sweden and the United Kingdom with an 

overall capacity of around 4GW.  

The United Kingdom is the world’s leader: the first four biggest offshore plants 

are installed off the cost of UK and they have a capacity equal to 1.8GW. 

Denmark has the world’s second-largest offshore installed capacity and almost all 

the offshore turbines are provided by the Danish manufacturers Siemens Wind 

Power and Vestas.  

Europe is strongly investing in offshore and the European Wind Energy 

Association has set a target of 40GW installed by 2020 and 150GW by 2030
103

.  

In 2011 there were no offshore wind farms in the Americas and in Asia but 

projects are under development.  

Canada is pursuing several locations in the Great Lakes and on the West Coast; 

The United States are developing projects on both the West and East Costs and on 

the Great Lakes region.  
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On the February 2 2012 the Obama administration released plans for developing 

waters off New Jersey, Maryland, Delaware and Virginia following a “Smart for 

the Start” approach. Specifically, the Department of Interior approved “wind 

energy areas” off the costs of these States where projects can be approved 

quickly
104

. The aim of the plan is clearly to decrease the too long project 

timetables in order to fill the gap with Europe and exploit the rich American wind 

regions. 

Offshore wind turbines and farms are generally larger than onshore ones in order 

to generate  higher wind energy and to exploit economies of scale. Offshore wind 

turbines have typically a capacity ranging from 2 to 5 MW and wind farms are 

between 20 and 120 MW in size. Until 2005 turbines were mainly installed in 

shallow waters (less than 10 meters); from 2006 to 2009 water depths were even 

more than 20 meters with an average distance from the shore below 20 km
105

; the 

industry is now moving forward larger turbines in deeper waters more distant 

from the shore.  

The figure below shows the different features of offshore turbines
106

. 
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Range of Foundation Technologies 

 

 

Offshore turbines have generally been very similar to onshore ones but the new 

industrial trends require structures built ad hoc.  

The mono-pile foundation is the most common and, since it is employed in 

shallow waters, it has the same structure of turbines built on land with some 

upgrades: the tower is reinforced so to face the waves and the entire structure is 

treated with anti-corrosive materials to prevent the effects of the sea water and ice.  

The tripod fixed structure is the most utilized layout for turbines installed in 

deeper water (20-80 m). With reference to onshore turbines, tripod ones have a 

different configuration because, since the tower is much taller, it is subject to 

stronger wave and wind forces that a mono-pile structure would not be able to 

bear.  

Floating structures are under development for wind farms built in deeper waters 

(from 40 to 900m) and are able to reach 1GW of capacity.  
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4.2.1.5 Cost structure of wind farms per technology. 

  

Technology affects the profitability of wind turbines through five primary factors: 

the ability of the turbine to produce more energy; the investment required; O&M 

costs; financing costs and the life cycle of the device. These five factors vary 

considerably depending on whether the turbine is located on land or offshore. 

Technology have been able to design turbines with larger rotors and taller towers 

that have remarkably increased the capacity of wind farms; moreover new small 

wind turbines with high efficiency have become economically competitive in 

areas with low wind resources. The evolution of the wind industry and the 

consequent development of new technologies have therefore increased the energy 

production of a turbine per investment required: offshore and SWTs are clear 

examples. 

Wind turbines require a relevant investment to be put in operation and technology 

can decrease the capital required by developing new and cheaper materials.  

 

The investment costs include the overall cost of the turbines (including their 

transportation and installation), the connection to the grid, civil works such as  

foundations, roads and buildings and other costs like licensing, engineering and 

equipment for the monitoring of the plant. 

 

The table below breaks down the repartition of the different investment costs for 

onshore and offshore plants
107

.  

The turbine cost is more than 70% of the total investment required for onshore 

plants but not more than 50% in the case of offshore ones (in certain cases up to 

one third
108

). Offshore plants, in fact are much more capital expensive in terms of 

connection to the grid and civil works. 
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Investment cost for on- and offshore wind plants 

 

Typical O&M costs for wind turbines may be fixed and variable. Fixed ones are 

land leases, taxes, administrative and managerial costs, and insuarance; variable 

ones are reparation and maintanance costs. According to Blanco, O&M costs 

generally represent around 20% of a plant’s lifetime expenditures and are 

considerablly higher in the case of offshore plants due to the less mature state of 

the industry and the special tratments required. 

Technology impacts on the predictability of energy production, on the realiability 

and profitability of turbines, therefore, together with regulation it determines the 

risk profile of the investment on wind plants and their cost of capital. In this 

sense, despite their higher productivity, offshore plants are in their early stages 

and thus more risky from a financial point of view. 
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4.2.2 Regulation 

4.2.2.1 Typical regulatory policies 

 

Regulation is together with technology the second driver of wind energy 

development: it stimulates power suppliers to invest thanks to a mix of 

instruments that lower the installation costs and simplify and shorten the 

bureaucratic course. The main policies available can be divided into three 

categories
109

:  

1. Regulatory policies; 

2. Fiscal incentives and  

3. Public financing.  

 

Typical regulatory policies are feed-in tariffs (FIT), Renewable Portfolio Standard 

(RPS), Net metering, Tradable renewable energy credit (REC).  The fiscal 

incentives category includes capital subsidy, production tax credit (PTC), 

reductions in taxes, energy production payment. The main public financing 

policies are public investments and public competitive bidding. 

FITs are an energy supply policy that offers long-term purchase agreements for 

the sale of renewable energy electricity (15-25 years)
110

. They are generally 

employed for the development of those early technologies that, despite their 

higher efficiency, are still highly capital expensive and risky for investors. 

A renewable portfolio standard or RPS mandates utilities and other power 

providers to supply a specified minimum percentage of their power output with 

renewable energy sources and wind power is usually the primary beneficiary of a 

RPS
111

. 
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Net metering is a policy designed to foster private investment in renewable 

energy, it is a “service to  an electric consumer under which electric energy 

generated by that electric consumer from an eligible on-site generating facility 

and delivered to the local distribution facilities may be used to offset electric 

energy provided by the electric utility to the electric consumer during the 

applicable billing period
112

”. Net metering policies are successfully applying in 

the small-wind turbines field
113

. Since they are less capital expensive, SWTs can 

be installed even by individuals, therefore net metering programs contribute to the 

development of small renewable energy systems in rural areas. 

RECs are the environmental attributes of renewable energy generation and can be 

bought or sold separately from the electricity.  A REC provides key information 

about the generation of renewable electricity delivered to the grid and is generally 

equal to one megawatt-hour of electricity. Increasingly governments and 

individuals as well are using RECs as a credible means to meet environmental 

goals; moreover the credits accomplish several ends. They enable the electric 

provider to meet its portfolio requirements; they give electric utilities time to plan 

for investments so that to get additional information or negotiate more favourable 

contracts
114

. RECs are currently in use in Belgium, Italy, Poland, Sweden, UK and 

in some US states. 

Since wind power is more capital intensive compared to conventional sources, 

governments can incentivize the wind industry through a set of capital subsidies 

that provide tax advantages and thus lower the financial burden. Typical subsidies 

to capital formation are accelerated depreciation and investment tax credits
115

 .   

PTC policies provide incentives for electricity projects by providing a tax credit 

for each kilowatt-hour of electricity produced by a qualified project during the 

first 10 years of operation. Renewable energy production tax credits were first 
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introduced in USA through the Energy Policy Act of 1992. The PTC incentive is 

annually adjusted for inflation and currently the tax credit for wind projects is 2.2 

cents ($0.022) per kilowatt-hour
116

. 

Reductions in taxes are a fiscal incentive through which a tax credit is deducted 

from the total amount a taxpayer owes to the state. Tax credit may be granted for 

various types of taxes and is generally  calculated on the basis of  the sales, the 

energy produced, the CO2 emitted and on the value added (VAT). 

Energy production payments improve the relative competitiveness of wind energy 

through a direct  payment by the governments to utilities per unit of energy they 

deliver to the grid. 

Public investments are an incentive through which governments foster the wind 

industry with direct investments in R&D, plants and infrastructures. Governments 

can also step in and set a good example by installing small wind turbines in public 

places or by covering their energy demand with wind energy. 

Through public competitive bidding governments tender wind farms projects in a 

bidding process. Power companies sign a power purchase agreement with the 

successful bidder within a specified period and all electricity is purchased at the 

bidding price. 
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4.2.2.2 The European regulatory framework  

 

With reference to the other European countries, UK has together with Italy the 

most relevant incentive framework to wind energy. 

Its framework is entirely based on RECs called Tradable Green Certificates 

(TGCs). TGCs are certificates with obligation to purchase for producers. The 

obligation to purchase is growing until 2015 (from 5,5% in 2005 to 15,4% in 

2015). Producers that do not comply with the obligation of purchase have to pay a 

penalty.  

The German and French incentive frameworks are both based on FITs. 

In Germany FITs have duration equal to 20 years and provide different tariffs for 

onshore and offshore plants: for the former there is a fixed incentive equal to 83,6 

€/MWh for the first 5 years and 52,8 €/MWh for the following 15; offshore farms 

can beneficiate from a  fixed tariff  equal to 91 €/MWh for the first 5 years and 

61,9 €/MWh for the following 15. 

The French FIT mechanism have duration equal to 15 years and for onshore 

plants provide a tariff equal to 82 €/MWh for the first 10 years, for the remaining 

5 years the tariff varies according to the wind conditions  between 28 and 82 

€/MWh. For offshore plants the relative tariffs are respectively 130 €/MWh and 

between 30 and 130 €/MWh. 
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4.2.2.3 The Italian regulatory framework  

Incentives to wind energy 

 

The incentives to wind energy in Italy can be traced back in the first years of the 

2000s.  

Between 2000 and 2004 the aim of the regulation have been to launch the wind 

technology. Through the d.lgs 79/1999 the “Certificati Verdi” have been 

introduced in order to ensure stability and transparency, whilst the “autorizzazione 

unica” (unique authorization) provided by the d.lgs. 387/2003 have ensured a 

strong administrative simplification. The result of the “autorizzazione unica” 

norm was the boom of the wind industry: in 2004, the wind installed capacity 

recorded the strongest annual growth of the last ten years. The reason behind this 

growth has to be found in the authorization process to which wind turbines are 

owed. On average, Italian wind farms are characterized by higher capacities and 

thus a relevant environmental impact: the d.lgs. 387/2003 have strongly simplified 

the authoritative process of big wind projects and thus boosted their growth. 

Between 2005 and 2008, the regulatory framework was aimed at the expansion of 

the industry: the incentive period provided by d.lgs 79/1999 have been extended 

from 8 to 15 years (L.244/2007). L. 244/2007 and D.M. attuativo 18/12/2008 have 

protected the investments in the industry through the introduction of the 

withdrawal obligation for the expired CVs. 

From the second half of 2009, the financial crisis has dramatically changed the 

Italian regulatory framework: the priority of the legislator has switched from the 

development of the industry to the state expenses reduction. L. 99/2009 provided 

a revision of the system to increase the CVs demand but the D.L. 72/2010 

cancelled it. The d.lgs 28/11 determined the amendment of the CVs system and a 

transition period: according to the d.lgs, in fact, big projects are owed to an 

auction system whilst all the other projects are owed to a system of administrated 

price. 

The Italian incentive framework for wind and all renewable sources is regulated 

by the d.lgs 28/2011: in compliance with the European Directive 2009/28/CE, it 
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established that all the new plants that have been connected to the grid since the 

first of January 2013 are subjected to different incentive mechanisms on the basis 

of their size. 

According to the new framework, wind farms are classified into micro-plants, 

small plants and big plants. Micro-plants have a nominal power not higher than 

50kW and are subjected to the direct incentive mechanism; small plants have a 

nominal power between 50kW and 5MW and are registered into the “Registri 

Piccoli Impianti” (Register small plants); big plants have a power higher than 

5MW and are subjected to the Dutch auction mechanism. 

The direct incentive mechanism provided for micro-plants is the “Tariffa 

Omnicomprensiva” (To) that is calculated on the basis of a base FIT (Tb) and of 

the possible premium the plant have right (Pr). The “Tariffa Omnicomprensiva” is 

thus so calculated: 

         

The wind farms classified as small plants can inscribe in the “Registro Piccoli 

Impianti” and then can beneficiate of specific incentive tariffs. The inscription 

procedures are set by the Gestore dei Servizi Energetici GSE (Energetic Services 

Operator). Once admitted the plants have to enter into operation within 12 months 

in the case of onshore farms or 18 months in the case of offshore ones.  The 

noncompliance leads to onward reductions of the incentive tariff. 

The wind farms classified as big plants have to participate in a Dutch auction in 

order to have right to the FIT. Every semester (one per year in the case of offshore 

farms) the GSE announces an auction and specifies the minimum tender: in the 

case of onshore plants it is equal to 127 €/MWh whilst for offshore ones it is equal 

to 165 €/MWh. In the case of plants entering into operation after 2013 the base 

tariff is diminished by 2% per annum
117

. 
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Starting from these thresholds, the lowest bid cannot be lower than 2%, the 

highest cannot be higher than 30% (in the case of such winning bidder, the 

acknowledged FIT is anyhow the minimum established). To be admitted to the 

auction, the bidders have to meet some financial requirements: a bank has to 

guarantee the financial solidity of the bidder, minimum capitalization of 10% of 

the investment cost and a guarantee equal to 10% of the forecasted investment 

required. 

 The pass-list of the plants admitted to the incentive is based on the criterion of the 

highest percentage reduction. In the case of equal bids the following priority 

criterions apply: 

I. Plants already in operation 

II. Anteriority of the authorization or of the VIA. 

 

The plant has to be operative within within 16 months (for onshore farms) or 24 

months (for offshore farms). In the case of delays lower than 24 months there is a 

monthly reduction of the FIT equal to 0,5% while in case of higher delays the 

GSE may exclude the assignees from the incentive mechanism. 
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Issues concerning the Italian regulation  

 

Despite the strong position of its incentives framework, Italy suffers some extra 

costs the other main European countries do not have. 

The first main handicap investors face when they evaluate the development of a 

wind project in Italy is the national regulatory instability: as explained before, the 

weak financial situation and the burden of debt have dramatically changed the 

CVs framework and make uncertain the future incentives. 

The second main issue is due to the authorization process: Italy is characterized 

by heavy bureaucracy that considerably lengthens the time required for a plant to 

enter into operation. 

The wind farm report of the Politecnico of Milan divides the overall time horizon 

prior the entrance into operation of an onshore wind project into 9 phases and 

calculates their average length in months
118

: 

1. The pre-feasibility.      1 month 

 

2. The anemometric analysis.     9 months 

 

3. The feasibility study.       5  months 

 

4. The preliminary projection.     4  months 

 

5. The wait for the authorization.    35 months 

 

6. The detailed designing phase.     3 months 

 

7. Supplying.       9 months 

 

8. Realization of civil works.     5 months 
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9. Building of aero generators.     3 months 

 

On the Gantt graph below it is possible to understand the authorization process 

and the strong impact that bureaucracy has on a wind project.  

The wait for authorization is a dead period in which the project is completely in 

stand-by: it represents half of the overall period prior the entrance into operation 

of a wind farm. This long wait for the authorization is one of the main causes of 

the high mortality of Italian wind projects. 

The 9 phases in months prior the entering into operation of a wind farm. 

 

 

 

 

The environmental impact is the main aspect that is taken into account by 

authority when assessing whether to give the authorization. 

The valuation of the environmental impact (VIA – Valutazione Impatto 

Ambientale) takes into account the visual and acoustic impact, the impact that the 

wind turbines might have on flora and fauna (in particular possible collision with 

birds) and possible electromagnetic interferences that the aero generators might 

generate. 



118 

 

 

The third handicap faced by the wind energy in Italy is linked to the previous one: 

the extra-time required by Italian bureaucracy negatively impacts the NPV of a 

project in two ways.  

Firstly, since the wait for the authorization defers the connection of the plant to 

the grid, the expected cash flows generated will have a lower value in actual 

terms. 

Secondly, the higher the time required, the higher the royalties that will have to be 

paid to the communes involved. 

The last issue investors face in Italy is due to higher taxation: wind farms require 

wide lands that are owed to high property taxes. 

The Politecnico of Milan University estimates that all these issues impact on 

revenues in terms of 30 €/MWh and that investing in the wind energy in Italy 

implies extra-costs ranging from 30 to 40%  with reference to the European 

average. 
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4.3 Typical business plan of a wind project. 
 

In order to assess the economic profitability of a wind farm, it is firstly necessary 

to eleborate a business plan of the project. The plan is described by technical and 

financial measures. 

The technical measures of the business plan deals with the main features of the 

plant including its location, its capacity and the Equivalent Operating Hours 

(EOHs). 

Financial measures are the revenues generated by the plant, the CAPEX, the Opex 

and the Net Working Capital required, the depreciation expenses and the taxation 

applied. 

The business plan of a wind project starts with the definition of the plant location: 

it is the key issue of the business plan and it is based on detailed anemometric 

analyses.  

Secondly the business plan forecasts the revenues that the plant will generate on 

the basis of the regulatory framework in force. 

After these first two steps, it is possible to define the variable and fixed costs in 

order to estimate the EBITDA of each year. Then the net income is calculated 

taking into account the impact of depreciation, the financial charges and the tax 

impact.  

The 4th step of the business plan is the valuation of CAPEX and Working Capital 

requirements so to find the FCFs of the project.  

The business plan ends with the definition of the financial structure and the 

discounting rate in order to determine the profitability of the wind project through 

a set of metrics. 
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4.3.1 Location of the plant 

 

The choice of the location of the plant is the critical phase of the business plan of 

a wind project. In the case of conventional plants, the choice of the location is 

based on: 

 the existence of an adequate infrastructure system (road and railway); 

 typical geographical requirements of the plant ( for example the 

geographical morphology;  the proximity of  a water basin for the cooling 

of the plant); 

 installation and connection costs. 

In the case of wind and solar energy, instead, the first driver of the location of the 

plant is the availability of the resource: the conventional plants’ operation depends 

on the supplying of the fuel; wind farms cannot be fed from outside therefore their 

productivity solely depends on the nature. 

The site has to be characterized by high and constant wind speeds: the higher the 

speed, the higher is the amount of electricity produced; the more the resource is 

constant during the year, the less the profitability volatility of the plant. 
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4.3.2 Remuneration 

 

The yearly remuneration of a wind farm is funtion of the electricty produced and 

the price this electricity is paid. 

The amount of electricty produced depends on the capacity of the plant and on the 

Equivalent Operating Hours (EOHs).  

The EOHs are the effective yearly working hours of a specific plant. They depend 

on the windiness of the location and on the technology and efficiency of the plant.  

They are generally calculated on the basis of the Load Factor (LF) of a plant: this 

is the percentage of hours the plant is on operation over the total hours of a full 

year.  

In the case of conventional energetic sources it depends on the efficiency of the 

plant and on the hours it is kept into operation. In the case of renewable energy 

plants, wind and solar ones in particular, the load factor solely depends on the 

efficiency of the plant and on the availability of the resource: the plants are always 

into operation but they generate electricity only if the resource wind or sun is 

available. 

Given the wind speed of a region, it is possible to estimate ex ante the load factor 

of the plant through the graph below
119

: 

 

                                                 
119

 Deutsches Windenergie-Institut Gmbh (Dewi); Studie zur aktuellen Kostensituation 2002 der 

Windenergienutzung in Deutschland; 2002 



122 

 

 

Given the capacity of a plant and its EOHs it is therefore possible to calculate the 

electricity production (Q) of a wind plant as follows: 

 

                         (                  ) 
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4.3.3 OPEX 

 

Operation and maintenance expenditures include the costs associated with the 

maintaining of the facility into optimal operation. The OPEX can be classified 

into fixed and variable ones. 

Typical fixed OPEX are grid access fees, insurance and administrative costs and 

scheduled maintenance covered by fixed contracts. Typical variable OPEX are 

maintenance costs not covered by fixed contracts, wages and replacement of 

damaged components. 
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4.3.4 CAPEX 

 

The wind energy cost structure, as almost all the renewable technologies’ ones, is 

characterized by a high impact of the initial investment required. Despite wind 

plants do not imply direct variable costs and they are not exposed to the fuel price 

risk, their CAPEX can thus be a relevant hurdle for investors. 

As analysed before, CAPEX for wind technology includes the overall cost of the 

turbines and their transportation and installation, the connection to the grid, civil 

works and other costs like licensing, engineering and equipment for the 

monitoring of the plant. 
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4.3.5 Net Working Capital 

 

The working capital is the difference between a project’s assets and liabilities in 

the short term: short term assets are cash, accounts receivables and inventory, 

short term liabilities are accounts payables. When calculating a project’s FCFs, 

the working capital has to be taken into account in incremental terms: an increase 

in NWC implies an use of cash and it thus reduces the final FCF of the project in 

that year. The working capital is therefore calculated as follows: 

 

                   

                                    

                   

 

In the evaluation of green investments, solar and wind plant in particular, 

Inventory can be considered equal to zero because these plants do not require the 

storage of sources of energy like oil or carbon as required by conventional plants. 

For the same reason, a wind farm does not have relevant accounts payable since 

there are no suppliers to pay when the plant has entered into operation.  

Therefore the only variable that is relevant for the computation of Net Working 

Capital for the project are the accounts receivables.  
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4.4 Key performance indicators 

 

Once defined the  margins and the cash flows that the plant will generate it is 

possible to evaluate its value creation through a set of indicators. 

Typical financial measures of profitability are already been described in chapter 3. 

They are the Net Present Value, the Internal Rate of Return and the Payback 

Period. 

Renewable energy plants and wind farms as well can also be evaluated through a 

set of technical performance indicators: the mostly used are the NPV/MW and the 

EBITDA/MW. 

These two ratios measure the profitability and efficiency of the plant in both 

absolute and relative terms. 

When planning the decision to undertake a certain investment, the management 

may require a certain profitability per MW of installed capacity. 

When the plant is operative, the NPV/MW and EBITDA/MW ratios monitor the 

correct operation of the plant in relative terms: given an average multiple of the 

industry, lower values may imply a damage in the components or a wrong 

anemonetric analysis. 

 

 

  



127 

 

Chapter 5: The project valuation 
 

5.1 Description of the project 

5.1.1 Location of the plant 

5.1.1.1 Country of reference 

 

As said before, the choice of the location of a wind farm is the key issue of the 

wind business plan.  

The first step is to determine the Country of reference. 

The choice is based: 

 on the windiness of the region;  

 on the potential growth of the market and;  

 on the regulatory framework. 

In recognition of its availability of wind resources and its position in Europe both 

in terms of the incentives to wind energy and in terms of installed capacity, the 

wind farm is hypothesised to be located in Italy. 
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The windiness of Italy 

 

Once defined the Country of reference, the location of the wind farm is based on 

accurate anemometric analyses: in order to maximise the load factor of the plant, 

the site has to be characterized by relevant and constant wind speeds. 

 As highlighted by the map below
120

, relevant wind speeds in Italy are mainly 

located on the shores.  

 

 

 

                                                 
120

 The yearly wind average speed is calculated 25 meters above the sea level. 

source: Ricerca Sistema Energetico, University of Genoa – Physics Dept.; AtlaEolico; Istituto 

Geografico De Agostini; 2010 
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On the Tyrrhenian coast wind speeds have an average annual speed equal to 4 m/s 

across all the regions of Latium and Campania; they reach 5 m/s on the shores of 

Liguria, Tuscany and Calabria.  

The whole Ionian Sea has average wind speeds equal to 5 m/s across all the 

shores, while the Adriatic Sea is caracherized by a strong heterogeneity of its 

windiness: it has slow winds on the north shores becoming stronger and stronger 

going to the southern ones.  

 

Apulia has rich wind resources on the shores as in the hinterland: on the shores it 

has average wind speeds ranging from 5 to 6 m/s; the continental area is windy as 

well with speeds ranging from 4 to 5 m/s. 

 

Sardinia and Sicily are the richest regions in terms of wind resources. Both 

regions have hinterland wind resources ranging from 4 to 5 m/s; Sicily’s eastern 

shores have average speed of 5 m/s while the western coast have peaks of 7 m/s in 

the west-southern seas and in the Pelagie Islands and in Pantelleria. Sardinia is the 

richest Italian region: all its coast has average wind speeds equal to at least 5 m/s 

with peaks of  7m/s on the south-west shores of the province of Cagliari.  On the 

other hand Sardinia is the region with the strictest landscape restrictions.  
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5.1.1.2 The detailed location. 

 

Once defined the Country of reference, the determination of the location of the 

plant is based on: 

 the installation and connection costs; 

 the landscape restrictions 

On the basis of these factors, the 2012 report of the ANEV states that Apulia is 

the Italian region with the highest potential in terms of wind installed capacity: in 

2020 Apulia will be thefirst wind energy producers with 2.070 MW connected to 

the grid
121

. The expected growth of the wind industry in Apulia is driven by its 

rich onshore resources and by a faster authorization process. 

Given its rich wind resources and its lower costs, the project is located 700 meters 

above sea level in the mountainous area in the province of Foggia as highlighted 

in the map below.  
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 Associazione Nazionale Energia del Vento; Brochure ANEV 2012; 2013 
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5.1.2 Technical features 

 

The project assumes the installation of a wind farm with the following technical 

features: 

Number of turbines 10 

Unitary capacity 2MW 

Axis orientation Horizontal 

Rotor speed Variable 

Yaw control Active 

Tower height 25 m 
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5.2 Timetable 
 

The project consists in a wind farm with duration equal to the average duration of 

onshore wind farms: 20 years. 

As explained in chapter 4, the Italian regulatory framework is characterized by a 

heavy bureaucracy that considerably lengthens the time required for a plant to 

enter into operation. The project assumes that all the phases prior the enter into 

operation of the plant have already been completed and that the authority has 

given all the permissions required. 

 

The target Commercial Operation Date 0 (COD0) is 2014; the phases of 

supplying, realization of civil works and building of aero generators last 12 

months and are assumed to start in COD-1. The realization of civil works and the 

building phases are assumed to be completed during COD 0. 

 

The project is launched in COD-1 but the plant is assumed to enter effectively into 

operation in the first half of 2014: therefore the wind farm will be operative until 

the first half of COD19 (June 2033). 
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5.3 The Business Plan 
 

5.3.1 Revenues 

 

As explained in chapter 4, the revenues generated by a wind farm depend on the 

amount of electricity produced “Q”: 

 

                         (                  ) 

 

The load factor of the plant estimated through the Deutsches Windenergie-Institut 

study is equal to 23%. In the base case scenario it is equivalent to 2,015 EOHs; in 

the worst case scenario it is diminished by 10%; in the best case scenario it is 

increased by 10%.  

Curtailment of Italian wind farms due to grid security problems has declined 

especially in the area between Benevento and Foggia
122

: therefore it is possible to 

assume that curtailment does not affect the amount of electricity production of the 

plant. 

 In the base case scenario the production of the wind farm is therefore equal to: 

 

                                

.  

The unitary remuneration is stated by the D.M. of 13/4/2012. As explained before, 

for the relative onshore plants entered into operation in 2013 it is equal to 127 

€/MWh. Since the wind farm of the project is expected to be connected to the grid 

in 2014, the base tariff is diminished by 2% and the unitary remuneration (Ru) is 

the following: 

                                                 
122

 O’ Brian Heather; Italy - Depression Expected As Market Policy Tightens; Wind Power 

Monthly; 1 March 2013 
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              (    )                 

 

The unitary remuneration is expected to be flat, therefore it will be constant 

during the whole lifetime of the project. 

Given the yearly production  of 40,296 MWh calculated before, the revenues that 

the plant will generate each year will be equal to: 

 

                                       ⁄              

 

In compliance with the hypothesis of the project, the revenues in the first and in 

the last years will be halved and thus equal to € 2,507,620. 
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5.3.2 Opex 

. 

The IEA Wind Report of 2011 estimated  an average overall cost of O&M for 

Italian projects equal to 47 $/kW per year: it is much higher than the relative value 

of the USA and the Netherlands but lower than that of Germany and Japan.  

The average EUR/USD exchange rate in 2010 was 1.3257  therefore the Opex for 

an average onshore wind farm in Italy in 2010 were equal to 35.452,43€/MW. 

Opex are costs that occur each year, for this reason they have to be adjusted for 

the inflation each year. The value of 35.452,43 €/MW is expressed in 2010 € and 

the following table allows us to estimate the Opex value of 2014. 

Inflation rates in Italy 2010- 2013
123 

Year Inflation rate (i) 

2010 1,6% 

2011 2,9% 

2012 3,3% 

2013 1,2% 

   

                  (       )  (       )  (        )  (       )

             ⁄        (      )  (     )  (     )

 (     )              ⁄                  

 

For the following years, inflation is expected to be constant and equal to 2% 

therefore the Opex of the project are the following: 

 

                                                 
123

 :http://www.inflation.eu 

http://www.inflation.eu/
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COD Opex (€) 

0 774,936 

1 790,435 

2 806,244 

3 822,368 

4 838,816 

5 855,592 

6 872,704 

7 890,158 

8 907,961 

9 926,120 

10 944,643 

11 963,536 

12 982,806 

13 1,002,463 

14 1,022,512 

15 1,042,962 

16 1,063,821 

17 1,085,098 

18 1,106,800 

19 1,128,936 
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5.3.3 Capex 

 

In its cost analysis series of wind technology, the IRENA estimated the European 

CAPEX value in 2010 ranging from 1850 to 2100 $/Kw. The average EUR/USD 

exchange rate in 2010 was 1.32572
124

 and considering that 1Mw is equal to 

1000kW the Capex ranges between  1,395,468.12€/MW and 1,584,044.90€/MW.  

The CAPEX’s value has been calculated in 2010 and since then the inflation and 

the industry evolution have changed it. The project assumes that from 2010 to 

2014, the inflation effect is completely offset by the decrease in costs resulting 

from the evolution of the industry: the Capex values expressed in 2010 €/MW can 

therefore be directly used in the FCF calculation flat. The base case scenario is 

built on the average value of 1,489,756.51 €/MW; the best case one on the value 

of 1,395,468.12 €/MW; the worst case one on the value of 1,584,044.90 €/MW. 

The overall Capex of the project are assumed to be distributed in two years: the 

first 20% will incur in COD-1 (2013), the remaining 80% in COD 0 (2014).  

Therefore the projected Capex of the project in the base case scenario are the 

following: 

 

COD CAPEX (€) 

-1 -5,959,026 

0 -23,836,104 
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 www.cambi.bancaditalia.it 

http://www.cambi.bancaditalia.it/
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5.3.4 Taxation 

 

Currently the Italian fiscal system provides 3 main taxes for the renewable energy 

sector: the IRES, the so-called “Robin Tax” and the IRAP. 

The IRES (Imposta sul reddito delle società : tax on corporate income) was 

established through the d.lgs n. 344/2003: it is a proportional and personal tax 

equal to 27.50% that has to be paid by all the corporations in Italy
125

. 

The “Robin Tax” is a tax that has to be paid by all the operators of the energy 

sector. It was established through the D.L. n.112 of the 25
th

 of June 2008 then 

converted with the Law n.133 of the 6
th

 of August 2008 and it firstly consisted in 

an additional tax on the IRES equal to 5.5% that interested only the non-

renewable energy operators. Then it has been increased to 6.5% and it has been 

extended to all the operators of the energy sector through the D.L. 138/2011
126

. 

The IRAP (Imposta regionale sulle attività produttive: regional tax on productive 

activities) is a tax that has to be paid by all the productive activities on the basis of 

their profits
127

. The D.L. established it with the aim to finance the public health 

expenditure and it is established by each Region: the ordinary IRAP in Apulia is 

equal to 4.82%
128

 . 

The overall taxation to which the wind project in Apulia is subjected is therefore 

equal to: 

    (              )              
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 Decreto Legislativo 12 Dicembre 2003, n.344; “Riforma dell’imposizione sul reddito delle 

società a norma dell’articolo 4 della legge 7 aprile 2003, n.80”; Gazzetta Ufficiale; n.291 16 

Dicembre 2003 
126

 Decreto Legge 13 agosto 2011, n.138; “Ulteriori misure urgenti per la stabilizzazione 

finanziaria e per lo sviluppo”; Gazzetta Ufficiale; n.216 16 settembre 2011. 
127

 Decreto Legislativo 15 dicembre 1997, n. 446; "Istituzione dell'imposta regionale sulle attività 

produttive, revisione degli scaglioni, delle aliquote e delle detrazioni dell'Irpef e istituzione di una 

addizionale regionale a tale imposta, nonchè riordino della disciplina dei tributi locali"; Gazzetta 

Ufficiale; n. 298 23 dicembre 1997. 
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 https://tributi.regione.puglia.it 

https://tributi.regione.puglia.it/
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5.3.5 Net Working Capital. 

 

As explained in chapter 4 in the evaluation of wind plant, it can be assumed that 

the Net Working Capital solely depends on the accounts receivables.  

The project assumes yearly accounts receivables equal to 8.33% of revenues 

therefore the Net Working Capital requirement of the project is: 

 

COD NWC (€) 

0 208,968 

[    ] 417,937 

19 208,968 

 

The net working capital is assumed to be entirely recovered in the last year of the 

project. 
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5.3.6 Depreciation 

 

The project consists in the building of 10 wind turbines with unitary capacity of 

2MW and residual value equal to zero. The overall Capex of the project are 

distributed in COD-1 and COD0 and the depreciation charges will start in COD0.  

It is a 20 years straight line depreciation plan with annual charge equal to:  
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5.4 Project valuation 

5.4.1 WACC calculation 

5.4.1.1 Re 

 

i. Risk free 

 

Since the project’s cash flows are expressed in Euro and the wind farm is located 

in Italy, the consistent risk-free rate should be the Italian government bond with 

duration 10 years.  

The Italian Treasury bonds are the BTP; they are issued with maturity of 3, 5, 10, 

15 and 30 years. The BTP are inflation indexed straight bonds with a minimum 

denomination of Euro 1000, semi-annual coupon and with principal repayment on 

maturity
129

. 

Nevertheless the BTP is not a completely risk-free security since it still bears a 

relevant default risk: S&P’s rating of Italian bonds is BBB, far below the AAA 

default-free grade
130

 .  

The Re of the project’s WACC has been determined using as risk-free rate (“Rf”) 

the Yield To Maturity of the Italian 10 years bonds (BTP) and the Equity Risk 

Premium of stable markets: the Country Risk of Italy has therefore been taken 

into account in the Rf in order to have a more reliable ERP that does not suffer 

from the recent instability of the Italian stock market. 

 

The graph below describes the pace of the YTM of the Italian BTP in 2013
131

. 

 

                                                 
129

 http://www.dt.tesoro.it/ 
130

 http://www.standardandpoors.com 
131

 The 2013 average YTM is calculated on daily basis  

Source: http://www.bloomberg.com/ 

http://www.dt.tesoro.it/
http://www.standardandpoors.com/
http://www.bloomberg.com/
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The graph demonstrates the high variability of the BTP (the standard deviation is 

equal to 0.42%) and sets an average YTM equal to 4.30%. 

Therefore:               
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ii. ERP 

 

As explained in chapter 3, the ERP is the risk premium required by the market for 

investing in the market portfolio relatively to the riskless rate. As explained before 

the Re of the project’s WACC has been determined using the implied ERP of 

mature markets. 

The figure below highlights the pace of the ERP on the basis of S&P 500 Index
132

. 

 

 

 

The average ERP of the reference period of the graph is 5.77% with a standard 

deviation of 0.95%: it demonstrates that the ERP of the S&P500 is a good 

measure of the implied ERP of mature markets. 
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In order to get the most reliable computation of the Re it has to be considered the 

most recent available implied ERP. The ERP dated January 1, 2014 is equal to 

5.00%
133

 therefore: 

          

  

                                                 
133

 http://www.damodaran.com 

http://www.damodaran.com/
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iii. Levered beta 

 

In order to compute a reliable discount factor for the FCFs of the project, it is 

required to determine the appropriate beta. Since EGP is a well technologically-

diversified company in the renewable energy sector, using its company levered 

beta is not consistent because it would lead to the discount factor of an investment 

in a set of renewable projects characterized by different risk profiles due to their 

different technological characteristics. We are exclusively evaluating the 

profitability of an investment in a wind farm  and the best way to get the beta of a 

wind project is to consider a panel of comparable companies focused on the wind 

technology and applying the Hamada’s methodology seen in chapter 3.  

The unlevered beta of our project will be calculated as the average of the 

unlevered betas of comparable firms that are solely or strongly focused on this 

sector: higher weights of wind energy in their portfolio of activities lead to a more 

reliable computation of the beta. 

The panel will be composed by the following comparable firms: 

1. Edp Renovaveis 

2. Fersa Energias Renovables 

3. Falck Renewables 

4. Orient Green Power Co. Ltd. 

5. China Renewable Energy Investment Ltd. 

The unlevered beta of each comparable company will be determined through the 

Hamada’s equation: 

            
        

[  (      )     ]
  

Where the D/E ratio of each firm is given by the average D/E ratio of the last three 

years; the tax rate is taken from the last financial statement; the levered beta from 

Bloomberg. 
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a) Comparables 

 

1. Edp Renovaveis. 

EDP Renovaveis (EDPR) is a leading renewable energy company, expert in 

the development, construction and operation of wind farms and solar plants  

throughout the world. Incorporated in 2007 in Madrid, it now operates in 10 

Countries and, with an installed capacity of 8.0 GW, it is the third largest 

producer of wind energy in the world
134

. The last financial year has closed 

with revenues equal to €1,285 (20% higher than 2011), EBITDA equal to 

€938 million (+17%), Net Income equal to €126 million (+42%) and operating 

cash flow equal to €666 million (+4%). EDPR generates electricity using 

mainly wind energy, therefore its beta can be used to derive the beta of a wind 

investment. The relevant data for the computation of the beta of the project are 

summarized in the table below: 

EDP Renovaveis 

D/E 98% 

Tax rate 30% 

Levered Beta 0.95 

 

Therefore the EDPR’s unlevered beta is equal to: 

            
    

[  (     )      ]
      

 

2. Fersa Energias Renovables 

Fersa Energías Renovables is a Spanish company set up in 2000 with a 

clear aim of developing completely clean and sustainable energy
135

. It 

generates electricity from 100% renewable sources: mainly from wind 

                                                 
134

 EDP Renovaveis; A World Full Of Energy, Annual Report 2012; 2013 
135

 http://www.fersa.es 

http://www.fersa.es/
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energy and to a lesser extent from solar energy. FERSA currently has 

plants into operation in Spain, India, Poland and France. The 2012 

financial statement closed with an operating income equal to 46 million of 

Euros and am EBITDA equal to 32 million of Euros. 

The graph below breaks down the overall installed capacity by region
136

. 

 

 

 

The graph highlights that two third of the overall installed capacity is 

located in Europe. This strong presence of Fersa in Europe makes its 

financial features perfectly comparable to the project’s one since they are 

characterized by the same load factors and similar regulatory background. 

 

Below the D/E ratio, the tax rate and the levered beta of Fersa Energias 

Renovables: 

 

 

Fersa Energías Renovables 

D/E 2.71 

Tax rate 30% 

Levered Beta 0.96 
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 Fersa Energias Renovables; Annual Report 2012; 2013 
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Therefore the unlevered beta of Fersa is equal to: 

            
    

[  (     )      ]
      

 

 

3. Falck renewables 

 

Falk renewable SPA is an Italian company that develops, designs, 

constructs and manages energy production plants from renewable 

sources
137

. It operates in Europe in Italy, UK, France and Spain in the 

businesses of wind, solar, biomass and waste-to-energy with an overall 

installed capacity of 716MW
138

. 

 

As highlighted by the graph below, the company is strongly focused on the 

wind energy: wind energy provides 655 MW of the overall 716 MW while 

Wte, Solar and Biomass together provide 61 MW. 
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 http://www.falckrenewables.eu 
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 Falck Renewable SPA;  Relazione e Bilancio al 31 dicembre 2012; 2013 
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The data for the computation of the project’s levered beta are expressed in 

the table below: 

Falk Renewable SPA 

D/E 2.24 

Tax rate 27.5% 

Levered Beta 0.83 

 

 Therefore the Falck’s unlevered beta is equal to: 

            
    

[  (       )      ]
      

 

4. Orient Green Power  

Orient Green Power (OGP) is the largest independent operator and 

developer of renewable energy power plants in India
139

. It operates in the 

businesses of biomass, biogas, wind and small hydroelectric and as of 

March 31, 2013 Orient Green Power had 400 MW of installed capacity, 

339MW (85%) of which provided by wind farms
140

 ; the wind farms are 

mainly located in the windy states of Tamil Nadu and Andhra Pradesh.  

Below the D/E ratio, the tax rate and the levered beta of Orient Green 

Power: 

Orient Green Power 

D/E 1.52 

Tax rate 30% 

Levered Beta 0.93 

 

Therefore the unlevered beta of OGP is equal to: 

                                                 
139

 www.orientgreenpower.com 
140

 Orient Green Power Company Limited; Powering Ahead: Sixth Annual Report 2012-2013. 

March 2013 

http://www.orientgreenpower.com/
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[  (     )      ]
      

 

5. China Renewable Energy Investment Ltd is an investment holding 

company operating in two segments:alternative energy and software 

development. The renewable energy segment is solely focused on wind 

projects, most of them in operation in the People’s Republic of China. 

The wind projects include Changma, Gansu and Mudanjiang, Heilongjiang 

and Linyi, Shandong. The D/E ratio, the tax rate and the levered beta of 

China Renewable Energy Investment Ltd. are below: 

 

China Renewable Energy Investment Ltd 

D/E 0.65 

Tax rate 16.5% 

Levered Beta 1.04 

 

 

Therefore the unlevered beta of China Renewable Energy Investment Ltd is 

equal to: 

            
    

[  (       )      ]
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b)Synthesis of results 

 

The table below sums up the unlevered betas and the D/E ratios of the comparable 

firms and the relative average values: 

 

Comparable Unlevered Beta D/E Ratio 

EDP Renovaveis SA 0.56 0.98 

FERSA Energias Renovables SA 0.33 2.71 

Falck Renewables SPA 0.33 2.24 

Orient Green Power CO Ltd. 0.45 1.52 

China Renewable Energy Investment 

Ltd. 
0.67 0.65 

AVERAGE 0.47 1.62 

 

  Given a tax rate of 27.5%, the levered beta of the project is: 

               [  (       )      ]       
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iv. Synthesis of results 

 

As explained in the chapter 3, the return required by investors by a certain project 

(Re) is determined by the Capital Asset Pricing Model: 

 

                                

 

Given a Rf equal to 4.30%, a Beta levered equal to 1.02 and an ERP equal to 

5.00%, Re is: 
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5.4.1.2 Rd 
 

The Rd is the interest rate that the company pays on its debt to creditors. It is 

established in the covenants of the loan and it is generally equal to the risk-free 

rate plus a default premium. 

The wind project assumes that it will have the average leverage of the 

comparables therefore the project cost of debt is equal to the comparables’ 

average Rds. The pre-tax cost of debt of each company “i” is calculated through 

the last financial statements and is given by: 

 

     
                   

( 
                          

  )
  

The tables below highlight the computation of the cost of debt of each 

comparable
141

: 

 

Edp Renovaveis 

                    237.1 

            3,775.0 

              4,018.0 

   6.10% 

 

Fersa Energias Renovables 

                    15.4 

            207.6 

              262.4 

   6.60% 

 

                                                 
141

 The values of Interest repayment and total Debts are expressed in €/MLn 
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Falck Renewables 

                    48.1 

            896.1 

              952.6 

   5.20% 

 

Orient Green Power Co Ltd 

                    1,891.7 

            18,270.5 

              13,792.1 

   11.80% 

 

China Renewable Energy Investment Ltd 

                    51.2 

            731.4 

              762.7 

   6.90% 

 

The average value is equal to 7.30%, therefore: 
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5.4.1.3 Synthesis of results 

 

As described in Chapter 3 the Weighted Average Cost of Capital is: 

     
      

(           )
    (          )     

    

(           )
 

As calculated above, the D/E ratio of the project equal to 1.62, therefore the 

Equity to Enterprise value is equal to 38.2% and the Debt to Enterprise Value is 

61.8%.  

The table below summarizes the relevant data for the computation of the WACC 

determined above: 

D/Ev 61.8% 

E/Ev 38.2% 

Re 9.40% 

Rd 7.30% 

Tax Rate 27.5% 

 

The Weighted Average Cost of Capital is therefore the following: 

 

                       (       )       

       

  



156 

 

5.4.2 Free cash flows 

5.4.2.1 Ebitda 

 

The earnings before interest, taxes, depreciation and amortization is a rough 

measure of the profitability of the project. In the valuation of a wind farm it is 

widely used to calculate the EBITDA per MW: since EBITDA is not affected by 

leverage policies and depreciation that might differ from one project to another, 

the EBITDA/MW multiple is a good metric to compare the efficiency of different 

wind farms. 

The EBITDA is given by the difference between the revenues and the OPEX of 

each year. The revenues of the project are assumed to be constant and equal to € 

5,015,240; in the first and last year they are halved. OPEX are not constant since 

they are affected by an annual inflation rate equal to 2%.  

The tables below highlights the project’s EBITDA of each year: 

COD 0 1 2 3 4 

Revenues 2,507,620 5,015,240 5,015,240 5,015,240 5,015,240 

Opex (774,936) (790,435) (806,244) (822,368) (838,816) 

Ebitda 1,732,684 4,224,805 4,208,997 4,192,872 4,176,424 

 

COD 5 6 7 8 9 

Revenues 5,015,240 5,015,240 5,015,240 5,015,240 5,015,240 

Opex (855.592) (872.704) (890.158) (907.961) (926.120) 

Ebitda 4,159,648 4,142,536 4,125,082 4,107,279 4,089,120 

 

COD 10 11 12 13 14 

Revenues 5,015,240 5,015,240 5,015,240 5,015,240 5,015,240 

Opex (944.643) (963.536) (982.806) (1.002.463) (1.022.512) 

Ebitda 4,070,597 4,051,704 4,032,434 4,012,778 3,992,728 

 

COD 15 16 17 18 19 

Revenues 5,015,240 5,015,240 5,015,240 5,015,240 2,507,620 

Opex (1.042.962) (1.063.821) (1.085.098) (1.106.800) (1.128.936) 

Ebitda 3,972,278 3,951,419 3,930,142 3,908,441 1,378,684 



157 

 

5.4.2.2 Ebit 

 

The Earnings Before Interests and Taxes are given by the difference between the 

EBITDA and the Depreciation. 

Given a straight line depreciation plan with annual charge equal to €1,489,757, 

the EBIT of the project are the following: 

 

COD -1 0 1 2 3 4 

EBITDA 0 1,732,684 4,224,805 4,208,997 4,192,872 4,176,424 

Depreciation  -1,489,757 -1,489,757 -1,489,757 -1,489,757 -1,489,757 

EBIT 0 242,927 2,735,049 2,719,240 2,703,115 2,686,668 

 

COD 5 6 7 8 9 

EBITDA 4,159,648 4,142,536 4,125,082 4,107,279 4,089,120 

Depreciation -1,489,757 -1,489,757 -1,489,757 -1,489,757 -1,489,757 

EBIT 2,669,892 2,652,780 2,635,326 2,617,522 2,599,363 

 

COD 10 11 12 13 14 

EBITDA 4,070,597 4,051,704 4,032,434 4,012,778 3,992,728 

Depreciation -1,489,757 -1,489,757 -1,489,757 -1,489,757 -1,489,757 

EBIT 2,580,841 2,561,948 2,542,677 2,523,021 2,502,972 

 

COD 15 16 17 18 19 

EBITDA 3,972,278 3,951,419 3,930,142 3,908,441 1,378,684 

Depreciation -1,489,757 -1,489,757 -1,489,757 -1,489,757 -1,489,757 

EBIT 2,482,522 2,461,662 2,440,386 2,418,684 -111,072 
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5.4.2.3 Free cash flows 

 

Starting from the Ebit, to get the yearly Free cash flows that the project will 

generate it is necessary to add back the depreciation expenses, then subtract the 

taxes (equal to 38.82% of Ebit), the Capex and the increase in Net working 

capital. 

The free cash flows from COD-1 to COD 19 are the following: 

COD -1 0 1 2 3 

EBIT 0 242,927 2,735,049 2,719,240 2,703,115 

Taxes 0 -94,304 -1,061,746 -1,055,609 -1,049,349 

Capex -5,959,026 -23,836,104    

Depreciation  1,489,757 1,489,757 1,489,757 1,489,757 

Increase in 

NWC 

 -208,968 -208,968 0 0 

Free Cash 

Flow 

-5,959,026 -22,406,693 2,954,091 3,153,388 3,143,522 

 

COD 4 5 6 7 8 

EBIT 2,686,668 2,669,892 2,652,780 2,635,326 2,617,522 

Taxes -1,042,964 -1,036,452 -1,029,809 -1,023,033 -1,016,122 

Capex      

Depreciation 1,489,757 1,489,757 1,489,757 1,489,757 1,489,757 

Increase in 

NWC 

     

Free Cash 

Flow 

3,133,460 3,123,196 3,112,727 3,102,049 3,091,157 

 

COD 9 10 11 12 13 

EBIT 2,599,363 2,580,841 2,561,948 2,542,677 2,523,021 

Taxes -1,009,073 -1,001,882 -994,548 -987,067 -979,437 

Capex 
     

Depreciation 1,489,757 1,489,757 1,489,757 1,489,757 1,489,757 

Increase in 

NWC 
0 0 0 0 0 

Free Cash 

Flow 
3,080,047 3,068,715 3,057,156 3,045,366 3,033,341 
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COD 14 15 16 17 18 19 

EBIT 2,502,972 2,482,522 2,461,662 2,440,386 2,418,684 -111,072 

Taxes -971,654 -963,715 -955,617 -947,358 -938,933 43,118 

Capex 
      

Depreciation 1,489,757 1,489,757 1,489,757 1,489,757 1,489,757 1,489,757 

Increase in 

NWC 
0 0 0 0 0 417,937 

Free Cash 

Flow 
3,021,075 3,008,563 2,995,802 2,982,785 2,969,507 1,839,739 
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5.4.3. Terminal Value 

 

The project assumes a wind farm with 20 years of useful life and with no salvage 

value. Therefore the terminal value of the project is equal to zero. 
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5.4.4 Synthesis of results in the base case scenario 

 

5.4.4.1 Net Present Value 

 

Since we are evaluating a project in COD 0, the NPV of the project is given by the 

difference between the overall inflows expressed in COD 0 and the overall 

outflows expressed in COD 0. 

The project generates inflows from COD 0 until COD 19; the present value of each year’s 

flow is: 

COD PV Free cash flow (€) 

0 1,429,411 

1 2,764,708 

2 2,762,029 

3 2,576,873 

4 2,403,953 

5 2,242,470 

6 2,091,673 

7 1,950,864 

8 1,819,386 

9 1,696,628 

10 1,582,017 

11 1,475,020 

12 1,375,135 

13 1,282,895 

14 1,194,863 

15 1,111,631 

16 1,037,817 

17 967,063 

18 901,038 

19 522,445 
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The overall project’s inflows are: 

∑                       

 

The outflows of the project incur in COD-1 and in COD0: the latter can be 

directly considered in the computation of the NPV, the former has to be 

capitalized one year at the discount rate of 6.85%. Therefore the present value of 

the project’s outflows is: 

∑           (               )                          

 

Therefore the Net Present Value of the project is: 

     ∑           ∑                                      

             

 

In the base case scenario the project is worth around €3 million; it is a positive 

value therefore the investment should be undertaken since it provides a rate of 

return above the weighted average cost of capital. 
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5.4.4.2 Internal rate of return 

 

As explained in chapter 3, the internal rate of return is the interest rate that sets the 

NPV of a project equal to zero. The IRR has to be related to the company’s cost of 

capital: the project has to be accepted only if its IRR is higher than its WACC. 

The project’s outflows precede its inflows and it has only one change in the sign 

of the free cash flows, therefore the project is not affected by the IRR’s pitfalls 

and using this method can lead to reliable results. 

The table below expresses the Net Present Value of the project in terms of the 

Internal Rate of Return in the base case scenario: 

 

 

The discount rate that sets the NPV of the project equal to zero is:  

          

It is 133 base points above the cost of capital of 6.85%, therefore the IRR method 

suggests that the investment should be undertaken. 
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5.4.4.3 The Payback Period 

 

The payback period method measures the time that an investment takes to repay 

itself. Since the project does not have constant inflows, to compute the PBP it is 

firstly necessary to compute the average annual cash inflow. 

 

                            
                            

                       

  
           

       
                  

 

 

Given the overall Capex of € 29,795,130, the payback period in the base case 

scenario is: 

 

                
     

                          
 

            

                

                       

 

It means that the wind farm requires more than half of its lifetime to repay the 

initial investment of around €30 million. 
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5.4.4.4. NPV/MW 

 

The NPV per MW is a measure of profitability that is used for the valuation of 

energy plants. It is a measure of efficiency since plants with higher efficiency will 

produce more energy per capital invested and thus they will have an higher 

multiple.  

The project assumes a wind farm with capacity of 20 MW that generates a 

positive Net Present Value equal to €3 million, therefore the NPV/MW multiple 

is: 

      
            

     
            ⁄  ⁄  
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5.4.4.5 EBITDA/MW 

 

The EBITDA/MW multiple is the other measure of profitability typically used in 

the valuation of energy plants: since EBITDA is not affected by leverage policies 

and by the depreciation plan, the EBITDA/MW multiple is a more useful measure 

to compare different plants’ efficiencies. 

Since the project does not generate constant EBITDA in its lifetime, it is firstly 

necessary to compute the yearly average EBITDA. 

 

                       
                      

                       
  
            

        

                ⁄   

 

Therefore the EBITDA/MW multiple is: 

 

      

  
  
               ⁄

     
                     ⁄  

 

In The base case scenario the project generates each year and average of € 0.2 

per each kW of installed capacity. 
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5.5 Sensitivity analysis 

 

Wind projects, just like all the renewable energy ones, are characterized by high 

uncertainty. This uncertainty is mainly given by the early stage of development of 

such technologies and by their dependence on the incentives framework. 

Moreover  wind and  solar projects require an accurate anemometric analysis of 

the site: even small changes of the forecasted resource can lead to completely 

different results. 

Therefore the sensitivity analysis of the project’s profitability will be run on the 

basis of changes of the investment required, on the effective load factor and on the 

basis of a different acknowledged Feed In Tariff.  

The sensitivity analysis of the project profitability to the initial investment is run 

on the basis of the upper and lower values estimated by the IRENA’s report for 

the average Capital expenditures in Europe. Given that the base case scenario is 

built on the average value of 1,489,757 €/MW, the best case scenario assumes a 

value of capital expenditures per megawatt equal to 1,395,468 €/MW; the worst 

case one a value of 1,584,045€/MW. 

Apart from regulation and expected trends of the market, the location of the plant 

depends on the accuracy of the anemometric analysis and on the resulting load 

factor: a smooth unexpected variation of the windiness of the area or a wrongful 

ex ante estimation of the load factor can lead to completely different results. 

Therefore the sensitivity of the project’s profitability to the effective load factor is 

run on the basis of a percentage change of 10% of the EOHs. The worst case 

scenario assumes EOHs equal to 1,813; the best case scenario EOHs equal to 

2,216. 

Wind energy, as all the renewable technologies is strongly dependent on 

incentives. According to the Italian framework the Feed In Tariff is set through 

Dutch auctions and in the base case scenario it has been assumed that the 

acknowledged FIT is equal to the cap tariff established by law: it is equivalent to 

assume a very low pressure of the competitive environment. Given the presence 
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of several players in the wind energy sector, the sensitivity of a wind farm 

profitability to the incentives framework can be run by considering different 

acknowledge FITs. The first alternative scenario assumes a FIT the 5% lower than 

the cap FIT established by law; the second scenario assumes a decrease of 10%. 
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5.5.1 Sensitivity to the Capital Expenditures. 

 

Despite wind energy is not affected by fuel price risk, the capital expenditures 

required for the building of the turbines and their connection to the grid are a 

relevant part of the cost structure of a wind project and can therefore represent a 

hurdle for investors. In order to assess the impact that capital expenditures have 

on wind energy, the profitability of the project is measured on the basis of the 

upper and lower values estimated by the 2012 IRENA Report. The sensitivity 

analysis on the basis of the capital expenditures is run considering the value of € 

31,680,898 in the worst case scenario, and the value of €27,909,362 in the best 

case scenario. 

 

Sensitivity of the project’s profitability to Capex.  

Worst case scenario: CAPEX = € 31,680,898 

 Base case scenario Worst case scenario Change 

Capex €29,795,130 € 31,680,898 +6.33% 

NPV € 2,985,595 € 1,493,200 -50% 

IRR 8.18% 7.48% -70bpp 

PBP 10 years and 2 months 10 years and 9 months +7 months 

NPV/MW 149,280 €/MW 74,660 €/MW -50% 

EBITDA/MW 191,152 €/MW 191,152 €/MW 0% 

 

 

Sensitivity of the project’s profitability to Capex.  

Best case scenario: CAPEX = € 27,909,362 

 Base case scenario Best case scenario Change 

Capex €29,795,130 € 27,909,362 -6.33% 

NPV € 2,985,595 €4,477,991 +50% 

IRR 8.18% 8.96% +78bpp 

PBP 10 years and 2 months 9 years and 7 months -7 months 

NPV/MW 149,280 €/MW 223,900 €/MW +50% 

EBITDA/MW 191,152 €/MW 191,152 €/MW 0% 
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Despite capital expenditures have a great impact on the project’s profitability 

(50% on the NPV), it is still profitable even in the worst case scenario. The 

variation in the initial investment implies a variations of 7 months in the Payback 

Period; since the EBITDA does not take into account depreciation, the 

EBITDA/MW multiple is not affected by variations in  capital expenditures. 
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5.5.2 Sensitivity to the effective load factor of the plant. 

 

As explained before, the location of the plant is the critical phase of the business 

plan of a wind farm. Apart from regulation and expected trends of the market, the 

location of the plant depends on the accuracy of the anemometric analysis and on 

the resulting load factor: a smooth unexpected variation of the windiness of the 

area or a wrongful ex ante estimation of the load factor can lead to completely 

different results. The profitability of the wind farm is therefore calculated on the 

basis of a percentage change of 10% of the effective load factor The worst case 

scenario assumes EOHs equal to 1,813; the best case scenario EOHs equal to 

2,216. 

 

Sensitivity of the project’s profitability to the effective load factor 

Worst case scenario: EOHs = 1,813 

 Base case scenario Worst case 

scenario 

Change 

EOHs 2,015 1,813 -10% 

NPV € 2,985,595 € -302,952 -110% 

IRR 8.18% 6.71% -147 bpp 

PBP 10 years and 2 months 11 years and 4 

months 

+1 year, 2 

months 

NPV/MW 149,280 €/MW -15,148 €/MW -110% 

EBITDA/MW 191,152 €/MW 167,329 €/MW -12% 

 

 

Sensitivity of the project’s profitability to the effective load factor 

Best case scenario: EOHs = 2,216 

 Base case scenario Best case scenario Change 

EOHs 2,015 2,216 +10% 

NPV € 2,985,595 € 6,274,142 +110% 

IRR 8.18% 9.60% +142 bpp 

PBP 10 years and 2 months 9 years and 4 months -10 months 

NPV/MW 149,280 €/MW 313,707 €/MW +110% 

EBITDA/MW 191,152 €/MW 214,974 €/MW +12% 
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The tables highlight the enormous impact that a variation of the effective load 

factor has on the profitability of a wind farm: to every 1% change of the effective 

load factor corresponds a 11% variation in the NPV (and therefore on the 

NPV/MW multiple as well).  

In  the case of an effective load factor 10% lower the project generates a negative 

Net Present Value and it should not be undertaken: in particular, the minimum 

load factor that provides a NPV equal to zero is 20.91%. A 10% variation of the 

load factor impacts the Internal Rate of Return to the extent of around 140 base 

points and the EBITDA/MW multiple of 12%. 
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5.5.3 Sensitivity to the incentives framework. 

 

Since renewable energies are in the early stage of development, they are strongly 

dependent on incentives. According to the Italian framework the Feed In Tariff is 

set through Dutch auctions and in the base case scenario it has been assumed that 

the acknowledged FIT is equal to the cap tariff established by law: it is equivalent 

to assume a very low pressure of the competitive environment. Given the presence 

of several players in the wind energy sector, the sensitivity of a wind farm 

profitability to the incentives framework can be run by considering different 

acknowledge FITs. The first alternative scenario assumes a FIT the 5% lower than 

the cap FIT established by law; the second scenario assumes a decrease of 10%. 

 

  Sensitivity of the project’s profitability to the incentives framework:  

FIT = 118.24 €/MWh 

 Base case scenario 
First alternative 

scenario 
Change 

FIT  124.46 €/MW 118.24 €/MWh -5% 

NPV € 2,985,595 €1,341,322 -55% 

IRR 8.18% 7,46% -72 bpp 

PBP 10 years and 2 months 10 years 9 months + 7 months 

NPV/MW 149,280 €/MW 67,066 €/MW -55% 

EBITDA/MW 191,152 €/MW 179,240 -6% 

 

Sensitivity of the project’s profitability to the incentives framework:  

FIT=112.01 €/MWh 

 Base case scenario 
Second alternative 

scenario 
Change 

FIT  124.46 €/MW 112.01 €/MWh -10% 

NPV € 2,985,595 € -302,952 -110% 

IRR 8.18% 6.71% -147 bpp 

PBP 10 years and 2 months 
11 years 4 months 

+1 year, 2 

months 

NPV/MW 149,280 €/MW -15,148 €/MW -110% 

EBITDA/MW 191,152 €/MW 167,329 €/MW -12% 
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As the effective load factor, the incentives framework has the greatest impact on 

the project’s profitability: to every 1% change in the acknowledged Feed In 

Tariff, the Net Present Value decreases by 11%. In particular the FIT that sets the 

NPV equal to zero is equal to 113.16 €/MWh: it is equivalent to an acknowledged 

tariff the 9% lower than the cap tariff provided by law. 

The graph below relates the Feed In Tariff provided by the Italian incentives 

framework to the Unique National Price (PUN)
142

. 

 

 

The graph demonstrates that, assuming a future PUN level equal to the historical 

average values of the last 10 years, a typical wind project in Italy is not profitable 

without incentives: the average PUN of the reference period is equal to 68.59 

€/MWh, well below the base case tariff of 124.46 €/MWh and the tariff that sets 

the NPV equal to zero (113.16 €/MWh).  

                                                 
142
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Conclusions 

 

The considerable increase of the population described above accelerates the need 

to further develop alternative sources of energy that would conciliate the 

increasing energetic requirements to the decreasing Earth’s ability to digest the 

waste products of energy consumption
143

. 

Despite the world acknowledged this need, electricity is still mainly generated 

through fossil fuels. 

This predominance of fossil fuels is mainly given by their lower cost and by the 

early stage of development of renewable energies that implies several challenges: 

with reference to traditional technologies, in fact, renewables suffer of high 

uncertainty of production, high impact of initial investment costs and high 

dependence on incentives. 

This thesis has described the potential of wind energy and has assessed its 

profitability through the valuation of a typical wind farm in Italy. The choice of 

Italy as nation of reference has been driven by its wind resources, its incentive 

framework and its expected trends. 

The profitability of the project has been mainly assessed trough the Discounted 

Cash Flows method. The cash flows generated by the farm have been discounted 

at the average cost of capital of wind projects. The WACC of wind projects has 

been determined considering the cost of capital of firms strongly or solely focused 

on wind. The project has the average leverage of the industry and the WACC has 

been calculated according to the Italian taxation.  

The base case scenario assumes a load factor equal to 23%, an initial investment 

of almost €30 million and an acknowledged tariff equal to the cap tariff provided 

by law (124.46 €/MWh). In this case the wind farm is worth almost €3 million 

                                                 
143
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and it guarantees an Internal Rate of Return equal to 8.18% (133 base points 

above the weighted average cost of capital). The project has a payback period of 

ten years and two months, it guarantees a NPV of 0.15 million euros per megawatt 

and an EBITDA/MW multiple equal to 0.19 million euros per megawatt. 

Standing the hypothesis of the base case scenario, the thesis has demonstrated 

that, given the current incentives framework, wind energy is profitable. 

Nevertheless, given the high uncertainty that characterizes wind energy, the thesis 

have measured the profitability of the plant on the basis of different values of the 

key variables: the load factor, the initial investment required and the Feed In 

Tariff. 

Despite the investment required represents a relevant hurdle for investors, the 

variables to which the profitability of a wind farm is more sensitive are the 

incentives framework and the technology efficiency of the plant: the higher Capex 

value estimated by IRENA decreases the Net Present Value by 50% but it still 

makes the project profitable. 

The high impact that the load factor has on the project’s profitability stresses the 

importance of an accurate anemometric analysis and highlights the need of further 

development of the wind technology efficiency: the increasing competitive 

pressure will reduce the margins of the operators and pushes the industry to focus 

on innovation and on costs containment. 

At the same time the sensitivity points out the role that the Italian government 

plays in the development of such technologies: despite wind energy has a relative 

more consolidated presence in the renewable sector it still cannot survive without 

subsides. 
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